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The  Honorable  James  Wright 
Speaker  of  the  House 
of  Representatives 
Washington,  D.C.  20515 

Dear  Mr.  Speaker: 

I  am  pleased  to  transmit  to  the  Congress  the  1987  Surgeon  General's  Report  on 
the  health  consequences  of  smoking,  as  mandated  by  Section  8(a)  of  the  Public 
Health  Cigarette  Smoking  Act  of  1969.    The  Act  requires  the  Secretary  of 
Health  and  Human  Services  to  transmit  an  annual  report  to  Congress  on  the 
health  consequences  of  smoking  and  such  recommendations  for  legislation  as  the 
Secretary  may  dees  appropriate* 

This  report,  entitled  The  Health  Consequences  of  Smoking;    Nicotine  Addiction, 
examines  the  scientific  evidence  that  cigarettes  and  other  forms  of  tobacco 
are  addicting.    The  Issue  of  tobacco  addiction. has  been  addressed  In  previous 
Surgeon  General's  Reports  and  in  the  medical  literature  beginning  In  the  early 
1900s.    Because  of  the  recent  expansion  of  research  in  this  area,  a  thorough 
review  of  this  topic  Is  warranted.    Despite  the  significant  health  risks  of 
tobacco  use  outlined  In  previous  reports,  many  snofcers  have  great  difficulty 
in  quitting.    This  report  concludes  that  such  difficulty  is  in  large  part  due 
to  the  addicting  properties  of  nicotine.  Which  is  pres'ent  in  all  forms  of 
tobacco. 

The  report  further  concludes  that  the  processes  that  determine  tobacco 
addiction  are  similar  to  those  that  detemlne  addiction  to  other  drugs  such  as 
heroin  and  cocaine.    Through  such  understanding,  health-care  providers  nay  be 
better  able  to  assist  tobacco  users  in  quitting. 

Private  health  organizations,  health-care  providers,  community  groups,  and 
government  agencies  should  initiate  or  strengthen  programs  to  inform  the 
public  of  the  addicting  nature  of  tobacco  use.    A  warning  label  on  the 
addicting  nature  of  tobacco  use  should  be  rotated  with  other  health  warnings 
now  required  on  cigarette  and  smokeless  tobacco  packages  and  advertisements. 
Preventing  the  initiation  of  tobacco  use  must  be  a  priority  because  of  the 
difficulty  in  overcoming  nicotine  addiction  once  it  is  firmly  established. 
Because  most  cases  of  nicotine  addiction  begin  during  childhood  and 
adolescence,  school  curricula  on  the  prevention  of  drug  use  should  also 
include  tobacco. 

Cigarette  smoking,  the  chief  avoidable  cause  of  premature  death  in  this 
country,  is  responsible  for  more  than  300,000  premature  deaths  each  year.  The 
disease  impact  of  smoking  justifies  placing  the  problem  of  tobacco  use  at  the 
top  of  the  public  health  agenda.    The  conclusions  of  this  report  provide 
another  compelling  reason  for  strengthening  our  efforts  to  reduce  tobacco  use 
in  OUT  society. 


Sincerely, 


Otis  R.  Bowen,  M.D. 
Secretary 


Enclosure 


FOREWORD 


This  20th  Report  of  the  Surgeon  General  on  the  health  conse- 
quences of  tobacco  use  provides  an  additional  important  piece  of 
evidence  concerning  the  serious  health  risks  associated  with  using 
tobacco. 

The  subject  of  this  Report,  nicotine  addiction,  was  first  mentioned 
in  the  1964  Report  of  the  Advisory  Committee  to  the  Surgeon 
General,  which  referred  to  tobacco  use  as  "habituating."  In  the 
landmark  1979  Report  of  the  Surgeon  General,  by  which  time 
considerably  more  research  had  been  conducted,  smoking  was  called 
"the  prototypical  substance-abuse  dependency."  Scientists  in  the 
field  of  drug  addiction  now  agree  that  nicotine,  the  principal 
pharmacologic  agent  that  is  common  to  all  forms  of  tobacco,  is  a 
powerfully  addicting  drug. 

Recognizing  tobacco  use  as  an  addiction  is  critical  both  for  treating 
the  tobacco  user  and  for  understanding  why  people  continue  to  use 
tobacco  despite  the  known  health  risks.  Nicotine  is  a  psychoactive 
drug  with  actions  that  reinforce  the  use  of  tobacco.  Efforts  to  reduce 
tobacco  use  in  our  society  must  address  all  the  major  influences  that 
encourage  continued  use,  including  social,  psychological,  and  phar- 
macologic factors. 

After  carefully  examining  the  available  evidence,  this  Report 
concludes  that: 

•  Cigarettes  and  other  forms  of  tobacco  are  addicting. 

•  Nicotine  is  the  drug  in  tobacco  that  causes  addiction. 

•  The  pharmacologic  and  behavioral  processes  that  determine 
tobacco  addiction  are  similar  to  those  that  determine  addiction 
to  drugs  such  as  heroin  and  cocaine. 

We  must  recognize  both  the  potential  for  behavioral  and  pharma- 
cologic treatment  of  the  addicted  tobacco  user  and  the  problems  of 
withdrawal.  Tobacco  use  is  a  disorder  which  can  be  remedied 
through  medical  attention;  therefore,  it  should  be  approached  by 
health  care  providers  just  as  other  substance-use  disorders  are 
approached:  with  knowledge,  understanding,  and  persistence.  Each 
health  care  provider  should  use  every  available  clinical  opportunity 
to  encourage  or  assist  smokers  to  quit  and  to  help  former  smokers  to 
maintain  abstinence. 
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To  maintain  momentum  toward  a  smoke-free  society,  we  also  must 
take  steps  to  prevent  young  people  from  beginning  to  smoke.  First, 
we  must  insure  that  every  child  in  every  school  in  this  country  is 
educated  as  to  the  health  risks  and  the  addictive  nature  of  tobacco 
use.  Most  jurisdictions  require  that  school  curricula  include  preven- 
tion of  drug  use;  therefore,  education  on  the  prevention  of  tobacco 
use  should  be  included  in  this  effort.  Second,  warning  labels 
regarding  the  addictive  nature  of  tobacco  use  should  be  required  for 
all  tobacco  packages  and  advertisements.  Young  people  in  particular 
may  not  be  aware  of  the  risk  of  tobacco  addiction.  Finally,  parents 
and  other  role  models  should  discourage  smoking  and  other  forms  of 
tobacco  use  among  young  people.  Parents  who  quit  set  an  example 
for  their  children. 

Smoking  continues  to  be  the  chief  preventable  cause  of  premature 
death  in  this  country.  Nicotine  has  addictive  properties  which  help 
to  sustain  widespread  tobacco  use.  It  is  gratifying  to  see  the  decline 
in  reported  smoking  prevalence  and  cigarette  consumption  in  the 
United  States  during  the  past  25  years.  However,  we  cannot  expect 
to  see  a  sustained  decline  in  rates  of  smoking-related  cancers, 
ciardiovascular  disease,  and  pulmonary  disease  without  sustained 
public  health  efforts  against  tobacco  use. 

The  Public  Health  Service  is  committed  to  preventing  tobacco  use 
among  youth  and  to  promoting  cessation  among  existing  smokers. 
We  hope  that  this  Report  will  assist  the  health  care  community, 
voluntary  health  agencies,  and  our  Nation's  schools  in  working  with 
us  to  reduce  tobacco  use  in  our  society. 

Robert  E.  Windom,  M.D. 
Assistant  Secretary  for  Health 
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PREFACE 


This  Report  of  the  Surgeon  General  is  the  U.S.  Public  Health 
Service's  20th  Report  on  the  health  consequences  of  tobacco  use  and 
the  7th  issued  during  my  tenure  as  Surgeon  General.  Eighteen 
Reports  have  been  released  previously  as  part  of  the  health 
consequences  of  smoking  series;  a  report  on  the  health  consequeho^ 
of  using  smokeless  tobacco  was  released  in  1986. 

Previous  Reports  have  reviewed  the  medical  and  scientific  evi- 
dence establishing  the  health  effects  of  cigarette  smoking  and  other 
forms  of  tobacco  use.  Tens  of  thousands  of  studies  have  documented 
that  smoking  causes  lung  cancer,  other  cancers,  chronic  obstructive 
lung  disease,  heart  disease,  complications  of  pregnancy,  and  several 
other  adverse  health  effects. 

Epidemiologic  studies  have  shown  that  cigarette  smoking  is 
responsible  for  more  than  300,000  deaths  each  year  in  the  United 
Steites.  As  I  stated  in  the  Preface  to  the  1982  Surgeon  Greneral*s 
Report,  smoking  is  the  chief  avoidable  cause  of  death  in  our  society. 

From  1964  through  1979,  each  Surgeon  General's  Report  ad- 
dressed the  major  health  effects  of  smoking.  The  1979  Report 
provided  the  most  comprehensive  review  of  these  effects.  Following 
the  1979  Report,  each  subsequent  Report  has  focused  on  specific 
populations  (women  in  1980,  workers  in  1985),  specific  diseases 
(cancer  in  1982,  cardiovascular  disease  in  1983,  chronic  obstructive 
lung  disease  in  1984),  and  specific  topics  (low-tar,  low-nicotine 
cigarettes  in  1981,  involuntary  smoking  in  1986). 

This  Report  explores  in  great  detail  another  specific  topic:  nicotine 
addiction.  Careful  examination  of  the  data  makes  it  clear  that 
cigarettes  and  other  forms  of  tobacco  are  addicting.  An  extensive 
body  of  research  has  shown  that  nicotine  is  the  drug  in  tobacco  that 
causes  addiction.  Moreover,  the  processes  that  determine  tobacco 
addiction  are  similar  to  those  that  determine  addiction  to  drugs  such 
as  heroin  and  cocaine. 

Actions  of  Nicotine 

All  tobacco  products  contain  substantial  amounts  of  nicotine. 
Nicotine  is  absorbed  readily  from  tobacco  smoke  in  the  lungs  and 
from  smokeless  tobacco  in  the  mouth  or  nose.  Levels  of  nicotine  in 
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the  blood  are  similar  in  magnitude  in  people  using  different  forms  of 
tobacco.  Once  in  the  blood  stream,  nicotine  is  rapidly  distributed 
throughout  the  body. 

Nicotine  is  a  powerful  pharmacologic  agent  that  acts  in  a  variety 
of  ways  at  different  sites  in  the  body.  After  reaching  the  blood 
stream,  nicotine  enters  the  brain,  interacts  with  specific  receptors  in 
brain  tissue,  and  initiates  metabolic  and  electrical  activity  in  the 
brain.  In  addition,  nicotine  causes  skeletal  muscle  relaxation  and 
has  cardiovascular  and  endocrine  (i.e.,  hormonal)  effects. 

Human  and  animal  studies  have  shown  that  nicotine  is  the  agent 
in  tobacco  that  leads  to  addiction.  The  diversity  and  strength  of  its 
actions  on  the  body  are  consistent  with  its  role  in  causing  addiction. 

Tobacco  Use  as  an  Addiction 

Standard  definitions  of  drug  addiction  have  been  adopted  by 
various  organizations  including  the  World  Health  Organization  and 
the  American  Psychiatric  Association.  Although  these  definitions 
are  not  identical,  they  have  in  common  several  criteria  for  establish- 
ing a  drug  as  addicting. 

The  central  element  among  all  forms  of  drug  addiction  is  that  the 
user's  behavior  is  largely  controlled  by  a  psychoactive  substance  (i.e., 
a  substance  that  produces  transient  alterations  in  mood  that  are 
primarily  mediated  by  effects  in  the  brain).  There  is  often  compul- 
sive use  of  the  drug  despite  damage  to  the  individual  or  to  society, 
and  drug-seeking  behavior  can  take  precedence  over  other  important 
priorities.  The  drug  is  "reinforcing" — ^that  is,  the  pharmacologic 
activity  of  the  drug  is  sufficiently  rewarding  to  maintain  self- 
administration.  "Tolerance"  is  another  aspect  of  drug  addiction 
whereby  a  given  dose  of  a  drug  produces  less  effect  or  increasing 
doses  are  required  to  achieve  a  specified  intensity  of  response. 
Physical  dependence  on  the  dri^  can  also  occur,  and  is  characterized 
by  a  withdrawal  syndrome  that  usually  accompanies  drug  absti- 
nence. After  cessation  of  drug  use,  there  is  a  strong  tendency  to 
relapse. 

This  Report  demonstrates  in  detail  that  tobacco  use  and  nicotine 
in  particular  meet  all  these  criteria.  The  evidence  for  these  findings 
is  derived  from  animal  studies  as  well  as  human  observations. 
Leading  national  and  international  organizations,  including  the 
World  Health  Organization  and  the  American  Psychiatric  Associa- 
tion, have  recognized  chronic  tobacco  use  as  a  drug  addiction. 

Some  people  may  have  difficulty  in  accepting  the  notion  that 
tobacco  is  addicting  because  it  is  a  legal  product.  The  word 
"addiction"  is  strongly  associated  with  illegal  drugs  such  as  cocaine 
and  heroin.  However,  as  this  Report  shows,  the  processes  that 
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determine  tobacco  addiction  are  similar  to  those  that  determine 
addiction  to  other  drugs,  including  illegal  drugs. 

In  addition,  some  smokers  may  not  believe  that  tobacco  is 
addicting  because  of  a  reluctance  to  admit  that  one's  behavior  is 
largely  controlled  by  a  drug.  On  the  other  hand,  most  smokers  admit 
that  they  would  like  to  quit  but  have  been  unable  to  do  so.  Smokers 
who  have  repeatedly  failed  in  their  attempts  to  quit  probably  realize 
tlmt  smokii^  is  more  than  just  a  simple  habit. 

Many  smokers  have  quit  on  their  own  ("spontaneous  remi^ion") 
and  some  smokers  smoke  only  occasionally.  However,  spontaneous 
remission  and  occasional  use  also  occur  with  the  illicit  drugs  of 
addiction,  and  in  no  way  disqualify  a  drug  from  being  classified  as 
addicting.  Most  narcotics  users,  for  example,  never  progress  beyond 
occasional  use,  and  of  those  who  do,  approximately  30  percent 
spontaneously  remit.  Moreover,  it  seems  plausible  that  spontaneous 
remitters  are  largely  those  who  have  either  learned  to  deliver 
effective  treatments  to  themselves  or  for  whom  environmental 
circumstances  ha,ve  fortuitously  changed  in  such  a  way  as  to  support 
drug  cessation  and  abstinence. 

Treatment 

Like  other  addictions,  tobacco  use  can  be  effectively  treated.  A 
wide  variety  of  behavioral  interventions  have  been  used  for  many 
years,  including  aversion  procedures  (e.g.,  satiation,  rapid  smoking), 
relaxation  treuning,  coping  skills  training,  stimulus  control,  and 
nicotine  fading.  In  recognition  of  the  important  role  that  nicotine 
plays  in  maintaining  tobacco  use,  nicotine  ,  replacement  therapy  is 
now  available.  Nicotine  polacrilex  gum  has  been  shown  in  controlled 
trials  to  relieve  withdrawal  symptoms.  In  addition,  some  (but  not  all) 
studies  have  shown  that  nicotine  gum,  as  an  adjunct  to  behavioral 
interventions,  increases  smoking  abstinence  rates.  In  recent  years, 
multicomponent  interventions  have  been  applied  successfully  to  the 
treatment  of  tobacco  addiction. 

Public  Health  Strategies 

The  conclusion  that  cigarettes  and  other  forms  of  tobacco  are 
addicting  has  important  implications  for  health  professionals,  educa- 
tors, and  policy-makers.  In  treating  the  tobacco  user,  health  profes- 
sionals must  address  the  tenacious  hold  that  nicotine  has  on  the 
body.  More  effective  interventions  must  be  developed  to  counteract 
both  the  psychological  and  pharmacologic  addictions  that  accompa- 
ny tobacco  use.  More  research  is  needed  to  evaluate  how  best  to  treat 
those  with  the  strongest  dependence  on  the  drug.  Treatment  of 
tobacco  addiction  should  be  more  widely  available  and  should  be 
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considered  at  least  as  favorably  by  third^party  payors  as  treatment  of 
alcoholism  and  illicit  drug  addiction. 

The  challenge  to  health  professionals  is  complicated  by  the  array 
of  new  nicotine  delivery  systems  that  are  being  developed  and 
introduced  in  the  marketplace.  Some  of  these  products  are  produced 
by  tobacco  manufacturers;  others  may  be  marketed  as  devices  to  aid 
in  smoking  cessation.  These  new  products  may  be  more  toxic  and 
more  addicting  than  the  products  currently  on  the  market.  New 
nicotine  delivery  systems  should  be  evaluated  for  their  toxic  and 
addictive  effects;  products  intended  for  use  in  smoking  cessation  also 
should  be  evaluated  for  efficacy. 

Public  information  campaigns  should  be  developed  to  increase 
community  awareness  of  the  addictive  nature  of  tobacco  use.  A 
health  warning  on  addiction  should  be  rotated  with  the  other 
warnings  now  required  on  cigarette  and  smokeless  tobacco  packages 
and  advertisements.  Prevention  of  tobacco  use  should  be  included 
along  with  prevention  of  illicit  drug  use  in  comprehensive  school 
health  education  curricula.  Many  children  and  adolescents  who  are 
experimenting  with  cigarettes  and  other  forms  of  tobacco  state  that 
they  do  not  intend  to  use  tobacco  in  later  years.  They  are  unaware  of, 
or  underestimate,  the  strength  of  tobacco  addiction.  Because  this 
addiction  almost  always  begins  during  childhood  or  adolescence, 
children  need  to  be  warned  as  early  as  possible,  and  repeatedly 
warned  through  their  teenage  years,  about  the  dangers  of  exposing 
themselves  to  nicotine. 

This  Report  shows  conclusively  that  cigarettes  and  other  forms  of 
tobacco  are  addicting  in  the  same  sense  as  are  drugs  such  as  heroin 
and  cocaine.  Most  adults  view  illegal  drugs  with  scorn  and  express 
disapproval  (if  not  outrage)  at  their  sale  and  use.  This  Nation  has 
mobilized  enormous  resources  to  wage  a  war  on  drugs  —  illicit  drugs. 
We  should  also  give  priority  to  the  one  addiction  that  is  killing  more 
than  300,000  Americans  each  year. 

We  as  citizens,  in  concert  with  our  elected  officials,  civic  leaders, 
and  public  health  officers,  should  establish  appropriate  public 
policies  for  how  tobacco  products  are  sold  and  distributed  in  our 
society.  With  the  evidence  that  tobacco  is  addicting,  is  it  appropriate 
for  tobacco  products  to  be  sold  through  vending  machines,  which  are 
easily  accessible  to  children?  Is  it  appropriate  for  free  samples  of 
tobacco  products  to  be  sent  through  the  mail  or  distributed  on  public 
property,  where  verification  of  age  is  difficult  if  not  impossible? 
Should  the  sale  of  tobacco  be  treated  less  seriously  than  the  sale  of 
alcoholic  beverages,  for  which  a  specific  license  is  required  (and 
revoked  for  repeated  sales  to  minors)? 

In  the  face  of  overwhelming  evidence  that  tobacco  is  addicting, 
police-makers  should  address  these  questions  without  delay.  To 
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achieve  our  goal  of  a  smoke-free  society,  we  must  give  this  problem 
the  serious  attention  it  deserves. 

C.  Everett  Koop,  M.D.,  ScD. 
Surgeon  General 


vii 


ACKNOWLEDGMENTS 


This  Report  was  prepared  by  the  Department  of  Health  and 
Human  Services  under  the  general  editorship  of  the  Office  on 
Smoking  and  Health,  Ronald  M.  Davis,  M.D.,  Director.  The  Manag- 
ing Editors  were  Thomas  E.  Novotny,  M.D.,  and  William  R.  Lynn, 
Office  on  Smoking  and  Health. 

Scientific  editors  were  Neal  L.  Benowitz,  M.D.,  Professor  of 
Medicine,  Chief,  Division  of  Clinical  Pharmacology  and  Experimen- 
tal Therapeutics,  San  Francisco  General  Hospital,  University  of 
California,  San  Francisco,  California;  Neil  E.  Grunberg,  Ph.D., 
Department  of  Medical  Psychology,  Uniformed  Services  Univeraity 
of  the  Health  Sciences,  Bethesda,  Maryland;  Jack  E.  Henningfield, 
Ph.D.,  Chief,  Biology  of  Dependence  and  Abuse  Potential  Assessment 
Laboratory,  Addiction  Research  Center,  National  Institute  on  Drug 
Abuse,  Baltimore,  Maryland;  and  Harry  A.  Lando,  Ph.D.,  Professor, 
Department  of  Psychology,  Iowa  State  University,  Ames,  Iowa. 

The  following  individuals  prepared  draft  chapters  or  portions  of 
the  Report. 

David  B.  Abrams,  Ph.D.,  Assistant  Professor  of  Psychiatry  and 
Human  Behavior,  Brown  University  Program  in  Medicine,  The 
Miriam  Hospital,  Center  for  Health  Promotion,  Providence,  Rhode 
Island 

Timothy  B.  Baker,  Ph.D.,  Department  of  Psychology,  University  of 

Wisconsin,  Madison,  Wisconsin 
Neal  L.  Benowitz,  M.D.,  Professor  of  Medicine,  Chief,  Division  of 
Clinical  Pharmacology  and  Experimental  Therapeutics,  San  Fran- 
cisco General  Hospital,  University  of  California,  San  Francisco, 
California 

Thomas  H.  Brandon,  M.S.,  Department  of  Psychology,  University  of 
Wisconsin,  Madison,  Wisconsin 

Richard  F.  Catalano,  Ph.D.,  Research  Assistant  Professor,  Center  for 
Social  Welfare  Research,  School  of  Social  Work,  University  of 
Washington,  Seattle,  Washington 

Larry  D.  Chait,  Ph.D.,  Research  Associate  (Assistant  Professor), 
Department  of  Psychiatry,  University  of  Chicago,  Chicago,  Illinois 

Paul  B.S.  Clarke,  Ph.D.,  Department  of  Pharmacology  and  Thera- 
peutics, McGill  University,  Montreal,  Quebec,  Canada 


ix 


Richard  R.  Clayton,  Ph.D.,  Professor,  Department  of  Sociology, 
University  of  Kientucky,  Lexington,  Kentucky 

Allan  C.  Collins,  Ph.D.,  Institute  for  Behavioral  Genetics,  School  of 
Pharmacy,  University  of  Colorado,  Boulder,  Colorado 

Thbmas  M.  Cooper,  D.D.S.,  Professor,  Department  of  Community 
Defitastry,  tJniversity  of  Kentucky,  Lexington,  Kentucky 

Lori  A.  Crane,  M.P.H.,  Division  of  Cancer  Control,  Jonsson  Compre- 
hensive Cancer  Center,  University  of  California,  Los  Angeles, 
California 

Susan  Gurry,  Ph,D.,  Center  for  Health  Studies,  Group  Health 

Cooperative  of  Puget  Sound,  Seattle,  Washington 
D.  Layti^  Diavis,  Ph.D.,  Director,  Tobacco  and  Health  Research 

Institute,  University  of  Kentucky,  Lexington,  Kentucky 
Ronald  M.  Davis,  M.D.,  Director,  Office  on  Smoking  and  Health, 

Center  for  Health  Promotion  and  Education,  Centers  for  Disease 

Control,  Rockville,  Maryland 
Edward     Doniino,  M.D.,  Professor,  Department  of  Pharmacology, 

UiiiyerBity     Mch^an,  Ann  Arbor,  Michigan 
John     ifele,  Jr.,  Ph.D.,  Department  of  Pharmacology /Toxicology, 

Medical  College  of  Virginisi,  Virginia  Commonwealth  University, 

Richiuoud,  Virginia 
Joan  Ershler,  Ph.D.,  Research  Associate,  Mt.  Sinai  Medical  Center, 

Milwaukee,  Wisconsin 
Raymond  tleming,  Ph.D.,  Assistant  Professor,  University  of  Wiscon- 

sin^Milwaukee,  Mt.  Sinai  Medical  Center,  Milwaukee,  Wisconsin 
Kathleen  A.  Fletcher,  Ph  D.,  M.P.H.,  Consultant,  The  University  of 

Texas  Health  Science  Center,  Houston,  Texas 
Paul  J.  Fudala,  Ph.D.,  Addiction  Research  Center,  National  Institute 

on  Drug  Abuse,  Baltimore,  Maryland 
C.  Gary  Gairola,  Ph.D.,  University  of  Kentucky,  Tobacco  and  Health 

Research  Institute,  Lexington,  Kentucky 
David  Gilbert,  Ph.D.,  Department  of  Psychology,  Southern  Illinois 

University,  Carbondale,  Illinois 
Lewajme  D.  Gilchrist,  Ph.D.,  Research  Associate  Professor,  School  of 

Social  Work,  University  of  Washington,  Seattle,  Washington 
Donna  M.  Goldberg,  M.A.,  Annapolis,  Maryland 
Steven  R.  Goldberg,  Ph.D.,  Preclinical  Pharmacology  Research 

Branch,  Addiction  Research  Center,  National  Institute  on  Drug 

Abuse,  Baltimore,  Maryland 
John  Grabowski,  Ph.D.,  Department  of  Psychiatry  and  Behavioral 

Science,  The  University  of  Texas  Health  Science  Center,  Houston, 

Texas 

Neil  E.  Grunberg,  Ph.D.,  Department  of  Medical  Psychology,  Uni- 
formed Services  University  of  the  Health  Sciences,  Bethesda, 
Maryland 


X 


Dorothy  K.  Hatsukami,  Ph.T).,  Department  of  Psychiatry,  University 
of  Minnesota,  Minneapolis,  Mmnesota 

J.  David  Hawkins,  Ph.D.,  Professor,  Center  for  Social  Welfare 
Research,  School  of  Socifid  Work,  University  of  Washington, 
Seattle,  Washington 

Jack  E.  Henningfieid,  Ph.D.,  Chief,  Biology  of  Dependence  and 
Abuse  Potential  Assi^ment  Laboratory,  Addiction  Research  Cen- 
ter, National  Institute  on  Drag  Abuse,  Baltimore,  Maryland, 

Ronald  I.  Herning,  Ph.D,,  Addiction  Research  Center,  National 
Institute  on  Drug  Abuse,  Baltimore,  Maryland 

Matthew  Owen  Howard,  M.S.,  M.S.W.,  Research  Assistant,  Center 
for  Social  Welfare  Research,  School  of  Social  Work,  University  of 
Washington,  Seattle,  Wadiington 

John  R.  Hughes,  M.D.,  Departments  of  Psychiatry,  Psychology,  and 
Family  Practice,  University  of  Vermont,  Burlington,  Vermont 

Edgar  T.  Iwamoto,  Ph.D.,  Department  of  Pharmacology,  College  of 
Medicine,  University  of  Kentucky,  Lexington,  Kentucky 

Murray  E.  Jarvik,  M.D.,  Ph.D.,  The  Neuropsychiatric  Institute  smd 
Hospital,  School  of  Medicine,  University  of  California,  Los  An- 
geles, Veterans'  Administration  Medical  Center,  Brentwood  Divi- 
sion, Los  Angeles,  California 

Robert  C.  Klesges,  Ph.D.,  Associate  Professor,  Center  for  Applied 
Psychological  Research,  Department  of  Psychology,  Memphis 
State  University,  Memphis,  Tennessee 

Lynn  T.  Kozlowski,  Ph.D.,  Head,  Behavioral  Research  on  Tobacco 
Use,  Addiction  Research  Foundation,  Professor  of  Psycholo^  and 
of  Preventive  Medicine  and  Biostatistics,  University  of  Toronto, 
Toronto,  Ontario,  Canada 

Howard  Leventhal,  Ph.D.,  Professor  and  Chairman,  Department  of 
Psychology,  University  of  Wisconsin,  Madison,  Wisconsin 

Edythe  D.  London,  i*h.D.,  Chief,  Neuropharmacology  Liaboratory, 
Addiction  Research  Center,  National  Institute  on  Drug  Abuse, 
Baltimore,  Maryland 

Scott  E.  Lukas,  Ph.D.,  Assistant  Professor  of  Psychiatry  (Pharmacol- 
ogy), Harvard  Medicai  School,  Department  of  Psycliiatry,  Alcohol 
and  Drug  Abuse  Research  Center,  McLean  Hospital,  Belmont, 
Massachusetts 

Alfred  C.  Marcus,  Ph.D.,  Associate  Director,  Division  of  Cancer 
Control,  Jonsson  Comprehensive  Cancer  Center,  University  of 
California,  Los  Angeles,  California 

Andrew  W.  Meyers,  Ph.D.,  Professor,  Center  for  AppUed  Psychologi- 
cal Research,  Departmettt  of  Psychology,  Memphis  State  Universi- 
ty, Memphis,  Tennessee 

Thomas  E.  Novotny,  M.D.,  Medical  Epidemiologist,  Office  on  Smok- 
ing and  Health,  Center  for  Health  Promotion  and  Education, 
Centers  for  Disease  Control,  Rockville,  Maryland 


xi 


Carol  Tracy  Orleans,  Ph.D.,  Senior  Investigator,  Behavioral  Medi- 
cine and  Director  of  Smoking  Cessation  Services,  Division  of 
Cancer  Control,  Fox  Chase  Cancer  Center,  Philadelphia,  Pennsyl- 
vania 

John  P.  Pierce,  M.Sc,  Ph  D.,  Chief,  Epidemiol(^  Branch,  Office  on 
Smoking  and  Health,  Center  for  Health  Promotion  and  Education, 

Centers  for  Disease  Control,  Rockville,  Maryland 

Ovide  F.  Pomerleau,  Ph.D.,  Behavioral  Medicine  Program,  Universi- 
ty of  Michigan,  Department  of  Psychiatry,  Ann  Arbor,  Michigan 

Amelie  G.  Ramirez,  M.P.H.,  Faculty  Associate;  The  University  of 
Texas  Health  Science  Center,  Assistant  Professor,  Baylor  College 
of  Medicine,  Houston,  Texas 

Jed  E.  Rase,  Ph.D.,  Veteran^'  Administration  Medical  Center, 
Wadsworth  and  Brentwood  Divisions,  Los  Angeles,  California 

J.A.  Rosecrans,  Ph.D.,  Department  of  Pharmacology,  Medical  Col- 
lege of  Virginia,  Virginia  Commonwealth  University,  Richmond, 
Virginia 

David  P.L.  Sachs,  M.D.,  Director,  Smoking  Cessation  Research 

Institute,  Palo  Alto,  California 
Mary  Anne  Salmon,  Ph.D.,  Research  Associate,  Health  Services 

Research  Center,  University  of  North  Carolina,  Chapel  Hill,  North 

Carolina 

Nina  G.  Schneider,  Ph.D.,  Associate  Research  Psychologist,  Depart- 
ment of  Psychiatry  and  Biobehayipral  Sciences,  UCLA  School  of 
Medicine,  Research  Psychologist,  FsycHopharmacology  Unit,  Vet- 
erans' Administration  Medical  Center,  Brentwood  Division,  Los 
Angeles,  California 

V.J.  Schoenbach,  Ph.D.,  Associate  Professor,  Department  of  Epide- 
miology, Research  Associate,  Health  Services  Research  Center, 
University  of  North  Carolina,  Chapel  Hill,  North  Carolina 

Saul  Shiffman,  Ph.D.,  Associate  Professor,  Department  of  Psycholo- 
gy, University  of  Pittsbui^h,  Pittsburgh,  Pennsylvania 

Victor  J.  Strecher,  Ph.D.,  Research  Associate,  Health  Services 
Research  Center,  Assistant  Professor,  Department  of  Health 
Education,  University  of  North  Carolina,  Chapel  Hill,  North 
Carolina 

David  M.  Warburton,  Professor,  Department,  of  Psychology,  Univer- 
sity of  Reading,  Whiteknights,  Reading,  United  Kingdom 

Elizabeth  A.  Wells,  Ph.D.,  Post-Doctoral  Fellow,  Center  for  Social 
Welfare  Research,  University  of  Washington,  Seattle,  Washington 

Thomas  Ashby  Wills,  Ph.D.,  Assistant  Professor  of  Psychology, 
Assistant  Professor  of  Epidemiology  and  Social  Medicine,  Depart- 
ment of  Epidemiology  and  Social  Medicine,  Ferkauf  Graduate 
School  of  Psychology  and  Albert  Einstein  College  of  Medicine, 
Bronx,  New  York 

xii 


Phillip  P.  Woodson,  Dr.sc.nat.,  Addiction  Research  Center,  National 
Institute  on  Drug  Abuse,  Baltimore,  Maryland 

The  editors  acknowledge  with  gratitude  the  following  distin- 
guished scientists,  physicians,  and  others  who  lent  their  support  in 
the  development  of  this  Report  by  coordinating  manuscript  prepara- 
tion, contribiitin^  critical  reviews  of  the  manuscript,  or  assisting  in 
other  wa3rs. 

Leo  G.  Abood,  Ph.D.,  Department  of  Pharmacology,  University  of 
Rochester  Medical  Center,  Rochester,  New  York 

John  S.  Baer,  Ph.D.,  Department  of  Psychology,,  University  of 
Washington,  Seattle,  Washington 

Timothy  B.  Baker,  Ph.D.,  Department  of  Psychology,  University  of 
Wisconsin,  Madison,  Wisconsin 

Claudia  R.  Baquet,  M.D.,  M.P.H.,  Chief,  Special  Populations  Studies 
Branch,  Division  of  Cancer  Prevention  and  Control,  National 
Cancer  Institute,  Bethesda,  Maryland 

Glen  Bennett,  M.P.H.,  Field  Studies  Advisor,  Office  of  Prevention, 
Education,  and  Control,  National  Heart,  Lung,  and  Blood  Insti- 
tute, Bethesda,  Maryland  . 

George  E.  Bigelow,  Ph.D.,  Associate  Professor  of  Behavioral  Biology, 
Director,  Behavioral  Pharmacology  Research  Unit,  Department  of 
Psychiatry  and  Behavioral  Sciences,  The  Johns  Hopkins  Universi- 
ty School  of  Medicine,  Baltimore,  Maryland 

Clarice  Brown,  M.S.,  Data  Analyst,  Office  of  Prevention,  Education, 
and  Control,  National  Heart,  Lui^,  and  Blood  Institute,  Bethesda, 
Maryland 

David  M.  Burns,  M.D.,  Associate  Professor  of  Medicine,  Division  of 

Pulmonary  and  Critical  Care  Medicine,  University  of  California 

Medical  Center,  San  Diego,  California 
Donald  R.  Cherek,  Ph^D.,  Department  of  Psychiatry  and  Behavioral 

Sciences,  Mental  Sciences  Institute,  The  University  of  Tiexas 

Health  Science  Center,  Houston,  Texas 
Paul  B.S.  Clarke,  Ph.D.,  Department  of  Pharmacology  and  Thera- 
peutics, McGill  University,  Montreal,  Quebec,  Canada 
Ro  Nemeth-Coslett,  Ph.D.,  Psychologist,  Prevention  R^earch 

Branch,  Division  of  Clinical  R^arch,  National  Institute  on  Drug 

Abuse,  Rockville,  Maryland 
Thomas  J.  Crowley,  M.D.,  University  of  Colorado  Health  Sciences 

Center,  Denver,  Colorado 
Joseph  W.  CuUen,  Ph.D.,  Deputy  Director,  Division  of  Cancer 

Prevention  and  Control,  National  Cancer  Institute,  Bethesda, 

Maryland 

K.  Michael  Gummings,  Ph  D;,  M.P.H.,  Research  Scientist,  Depart- 
ment of  Cancer  Control  and  Epidemiology,  Roswell  Park  Memorial 
Institute,  Buffalo,  New  York 


xiii 


Susan  Curry,  Ph.D.,  Center  for  Health  Studies,  Group  Health 
Cooperative  of  Puget  Sound,  Seattle,  Washington 

Vincent  T.  DeVita,  Jr.,  M.D.,  Director,  National  Cancer  Institute, 
National  Institutes  of  Health,  Bethesda,  Maryland 

Sir  Richard  Doll,  University  of  Oxford,  Oxford,  England 

Manning  Feinleib,  M.D.,  Dr.P.H.,  Director,  National  Center  for 
Health  Statistics,  Centers  for  Disease  Control,  Hyattsville,  Mary- 
land 

William  H.  Foege,  M.D.,  Executive  Director,  The  Carter  Center  of 

Emory  University,  Atlanta,  Georgia 
Richard  R.  Frecker,  M.D.,  Ph.D.,  Head,  Biomedical  R^earch, 

Department  of  Pharmacology,  Addiction  Research  Foundation, 

Toronto,  Ontario,  Canada 
K.H.  Ginzel,  Ph.D.,  Professor,  Department  of  Pharmacology  and 

Interdisciplinary  Toxicology,  University  of  Arkansas  for  Medical 

Sciences,  Little  Rock,  Arkansas 
Russell  E.  Glasgow,  Ph.D.,  Oregon  Research  Institute,  Eugene, 

Oregon 

Nancy  P.  Gordon,  Sc.D.,  Behavioral  Scientist,  Division  of  Research, 
Kaiser  Permanente  Medical  Group,  Oakland,  California 

Roland  R.  Griffiths,  The  Johns  Hopkins  University  School  of 
Medicine,  Baltimore,  Maryland 

Ellen  R.  Gritz,  Ph.D.,  Director,  Division  of  Cancer  Control,  Jonsson 
Comprehensive  Cancer  Center,  Univeraity  of  California,  Los 
Angeles,  California 

Sharon  M.  Hall,  Ph.D.,  Professor,  Department  of  Psychiatry,  Center 
for  Social  and  Behavioral  Sciences,  University  of  California,  San 
Francisco,  California 

Louis  S.  Harris,  Ph.D.,  Senior  Science  Advisor,  National  Institute  on 
Drug  Abuse,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administra- 
tion, Rockville,  Maryland 

Ronald  I.  Herning,  Ph.D.,  Addiction  Research  Center,  National 
Institute  on  Drug  Abuse,  Baltimore,  Maryland 

Dietrich  Hoffmann,  Ph.D.,  Associate  Director,  Naylor  Dana  Insti- 
tute, Valhalla,  New  York 

Leo  HoUister,  M.D.,  Medical  Director,  Harris  County  Psychiatry 
Center,  Houston,  Texas 

Enid  Hunkeler,  Senior  Investigator,  Kaiser  Permanente  Medical 
Care  Program,  Oakland,  California 

Peyton  Jacob  III,  Ph.D.,  Division  of  Clinical  Pharmacology,  San 
Francisco  General  Hospital,  University  of  California,  San  Francis- 
co, California 

Jerome  Jaffe,  M.D.,  Director,  Addiction  Research  Center,  National 

Institute  on  Drug  Abuse,  Baltimore,  Maryland 
Murray  E.  Jarvik,  M.D.,  Ph.D.,  The  Neuropsychiatric  Institute  and 

Hospital,  School  of  Medicine,  University  of  California,  Los  An- 


xiv 


geles,  and  Veterans'  Administration  Medical  Center  West  Los 

Angeles,  Brentwood  Division,  Los  Angeles,  California 
Martin  Jarvis,  M.Phil.,  Senior  Lecturer,  Addiction  Research  Unit, 

Institute  of  Psychiatry,  London,  England 
Chris-Ellen  Johanson,  Ph.D.,  Department  of  Psychiatry,  Pritzker 

School  of  Medicine,  University  of  Chicago  Drug  Abuse  Research 

Center,  Chicago,  Illinois 
Reese  T.  Jones,  Ph.D.,  Department  of  Psychiatry,  University  of 

California  School  of  Medicine,  San  Francisco,  California 
Kenneth  J.  Kellar,  Ph.D.,  Department  of  Pharmacology,  Georgetown 

University  Medical  Center,  Washington,  D.C. 
Lynn  T.  Kozlowski,  Ph.D.,  Head,  Behavioral  Research  on  Tobacco 

Use,  Addiction  Research  Foundation,  Toronto,  Ontario,  Canada 
Richard  J.  Lamb,  Ph.D.,  Addiction  Research  Center,  National 

Institute  on  Drug  Abuse,  Baltimore,  Maryland 
Charles  L.  LeMaistre,  M.D.,  President,  University  of  Texas  Systems 

Cancer  Center,  Houston,  Texas 
Claude  Lenfant,  M.D.,  Director,  National  Heart,  Lung,  and  Blood 

Institute,  National  Institutes  of  Health,  Bethesda,  Maryland 
Howard  Leventhal,  Ph.D.,  Professor  of  Psychology,  University  of 

Wisconsin,  Madison,  Wisconsin 
Edward  Lichtenstein,  Ph.D.,  Oregon  Research  Institute,  Eugene, 

Oregon 

Donald  Ian  Macdonald,  M.D.,  Administrator,  Alcohol,  Drug  Abuse, 

and  Mental  Health  Administration,  Rockville,  Maryland 
G.  Alan  Marlatt,  Ph.D.,  Professor  of  Psychology,  University  of 

Washington,  Seattle,  Washii^ton 
William  R.  Martin,  M.D.,  Chairman,  Department  of  Pharmacolc^, 

University  of  Kentucky  College  of  Medicine,  Lexington,  Kentucky 
James  O.  Mason,  M.D.,  Dr.P.H.,  Director,  Centers  for  Disease 

Control,  Atlanta,  Georgia 
J.  Michael  McGinnis,  M.D.,  Deputy  Assistant  Secretary  (Disease 

Prevention  and  Health  Promotion),  Washington,  D.C. 
A.  Thomas  McLeUan,  Ph.D.,  Substance  Abuse  Treatment  Research 

Center,  Philadelphia  Veterans'  Adminis^tration  Medical  Center 

and  The  University  of  Pennsylvania,  Philadelphia,  Pennsylvania 
Nancy  K.  Mello,  Ph.D.,  Alcohol  and  Drug  Abuse  Research  Center, 

McClean  Hospital,  Belmont,  Massachusetts 
Gregory  J.  Morosco,  Ph.D.,  M.P.H.,  Smoking  Education  Program 

Coordinator,  National  Heart,  Lung,  and  Blood  Institute,  Bethesda, 

Maryland 

Joseph  P.  MulhoUand,  Ph.D.,  Bureau  of  Economics,  Federal  Trade 

Commission,  Washington,  D.C. 
Herbert  W.  Nickens,  M.D.,  M.A.,  Director,  Office  of  Minority  Health, 

Public  Health  Service,  Washington,  D.C. 


XV 


Richard  Peto,  M.A.,  M.Sc,  Imperial  Cancer  Research  Fund,  Cancer 
Studies  Unit,  Nuffield  Department  of  Clinical  Medicine,  Radcliffe 
Infirmary,  University  of  Oxford,  Oxford,  England 

Roy  W.  Pickens,  Ph.D.,  Director,  Division  of  Clinical  Research, 
National  Institute  on  Dn^  Abuse,  Rockville,  Maryland 

John  P.  Pierce,  M.Sc,  Ph.D.,  Chief,  Epidemiology  Branch,  Office  on 
Smoking  and  Health,  Center  for  Health  Promotion  and  Education, 
Centers  for  Disease  Control,  Rockville,  Maryland 

John  M.  Pinney,  Executive  Director,  Institute  for  the  Study  of 
Smoking  Behavior  and  Policy,  John  F.  Kennedy  School  of  Govern- 
ment, Harvard  University,  Cambridge,  Massachusetts 

Michael  R.  Polen*  M.A.,  Research  Associate,  Division  of  Research, 
Kaiser-Permanente  Medical  Group,  Oakland,  California 

William  Pollin,  M.D.,  Former  Director,  National  Institute  on  Drug 
Abuse,  Bethesda,  Maryland 

David  C.  Ramsey,  M.P.H.,  Health  Educator,  Division  of  Health 
Education,  Center  for  Health  Promotion  and  Education,  Centers 
for  Disease  Control,  Atlanta,  Georgia 

Everett  R.  Rhoades,  M.D.,  Assistant  Surgeon  General  and  Director, 
Indian  Health  Service,  Rockville,  Maryland 

M.A.H.  Russell,  F.R.C.P.,  Addiction  Research  Unit,  Institute  of 
Psychiatry,  University  of  London,  London,  England 

Charles  R.  Schuster,  Ph.D.,  Director,  National  Institute  on  Drug 
Abuse,  Rockville,  Maryland 

Burt  Sharpe,  M.D.,  Hennepin  County  Medical  Center,  Department  of 
Medicine,  Minneapolis,  Minnesota 

Donald  R.  Shopland,  Public  Health  Advisor,  Smoking,  Tobacco,  and 
Cancer  Prc^am,  National  Cancer  Institute,  Bethesda,  Maryland 

Jerome  E.  Singer,  Ph.D.,  Medical  Psycholc^,  Uniformed  Services 
University  of  the  Health  Sciences,  Bethesda,  Maryland 

Maxine  L.  Stitzer,  Ph.D.,  Associate  Professor^  Behavioral  Biology, 
The  Johns  Hopkins  School  of  Medicine,  Behavioral  Pharmacology 
Research,  Francis  Scott  Key  Medical  Center,  Baltimore,  Maryland 

David  N.  SundwaU,  M.D.,  Ai^istant  Surgeon  General  and  Adminis- 
trator, Health  Resources  and  Services  Administration,  Rockville, 
Maryland 

Dennis  D.  Tolsma,  M.P.H.,  Director,  Center  for  Health  Promotion 

and  Education,  Centers  for  Disease  Control,  Atlanta,  Georgia 
Frederick  L.  Trowbridge,  M.D.,  Director,  Division  of  Nutrition, 

Center  for  Health  Promotion  and  Education,  Centers  for  Disease 

Control,  Atlanta,  Georgia 
Frank  J.  Vocci,  Jr.,  Ph.D.,  Acting  Chief,  Drug  Abuse  Staff,  Center  for 

Drug  Evaluation  and  Research,  Food  and  Drug  Administration, 

Washington,  DC 

Romdd  W.  Wilson,  M.A.,  National  Center  for  Health  Statistics, 
Centers  for  Disease  Control,  Hyattsville,  Maryland 

xvi 


Roy  A.  Wise,  Ph.D.,  Department  of  Psychology,  Concordia  Universi- 
ty, Montreal,  Quebec,  Canada 

Faye  Wright,  Center  for  Applied  Psychological  Research,  Depart- 
ment of  Psychology,  Memphis  State  University,  Memphis,  Tennes- 
see 

Ernst  L.  Wynder,  M.D.,  President,  American  Health  Foundation, 
New  York,  New  York 

James  B.  Wjmgaarden,  M.D;,  Director,  National  Institutes  of  Health, 
Bethesda,  Maryland 

Tomoji  Yanagita,  M.D.,  Ph.D.,  Preclinical  Research  Laboratories, 
Central  Institute  for  Experimental  Animals,  Kawasaki,  Japan 

Frank  E.  Young,  M.D.,  Commissioner,  Food  and  Drug  Administra- 
tion, Rockville,  Maryland 

The  editors  also  acknowledge  the  contributions  of  the  following 
staff  members  and  others  who  assisted  in  the  preparation  of  this 
Report. 

Margaret  Anglin,  Secretary,  Office  on  Smoking  and  Health,  Rock- 
ville, Maryland 

Charles  Appiah,  Project  Clerk,  Smoking  and  Health  Project,  .  The 
Circle,  Inc.,  McLean,  Virginia 

John  L.  Bagrosky,  Associate  Director  for  Program  Operations,  Office 
on  Smoking  and  Health,  Rockville,  Maryland 

Sonia  Balakirsky,  Secretary,  Office  on  Smoking  and  Health,  Rock- 
ville, Maryland 

Carol  Bean,  Associate  Project  Director,  Smoking  and  Health  Project, 

The  Circle,  Inc.,  McLean,  Virginia 
Tamara  BMr,  Production  Coordinator,  Information  Management 

Department,  ATLIS  Federal  Services,  Inc.,  Rockville,  Maryland 
Catherine  E.  Burckhardt,  Editorial  Assistant,  Office  on  Smoking  and 

Health,  Rockville,  Maryland 
Gayle  Christman,  Word  Processing  Specialist,  Smoking  and  Health 

Project,  The  Circle,  Inc.,  McLean,  Vii^nia 
Carol  K.  Cummings,  Secretary,  Office  on  Smokii^  and  Health, 

Rockville,  Maryland 
Stephanie  D.  DeVoe,  Programmer,  Information  Systems  Depart- 
ment, ATLIS  Federal  Services,  Inc.,  Rockville,  Maryland 
Michael  C.  Fiore,  M.D.,  M.P.H.,  Medical  Epidemiologist,  Office  on 

Smoking  and  Health,  Rockville,  Maryland 
David  Fry,  Editor,  Smoking  and  Health  Project,  The  Circle,  Inc., 

McLean,  Virginia 
Lynn  Funkhauser,  Word  Processing  Specialist,  Smoking  and  Health 

Project,  The  Circle,  Inc.,  McLean,  Virginia 
Mary  Gardner,  Senior  Editor,  Smoking  and  Health  Project,  The 

Circle,  Inc.,  McLean,  Virginia 


xvii 


Amy  Garson,  M.P.H.  student.  Office  on  Smoking  and  Health, 
Rockville,  Maryland 

Arnetta  G.  Glover,  Secretary,  Office  on  Smoking  and  Hesdth, 
Rockville,  Maryland 

William  Groskopf,  Library  Acquisitions  Specialist,  Information 
Management  Department,  ATLIS  Federal  Services,  Inc.,  Rock- 
ville, Maryland 

Evridiki  Hatziandreu,  M.D.,  M.P.H.,  Epidemic  Intelligence  Service 
Officer,  Office  on  Smoking  and  Health,  Rockville,  Maryland 

Susan  A.  Hawk,  Ed.M.,  M.S.,  Chief,  Technical  Information  Center, 
Office  on  Smoking  and  Health,  Rockville,  Maryland 

Patricia  E.  Healy,  Technical  Information  Specialist,  Office  on 
Smoking  and  Health,  Rockville,  Maryland 

Terri  L.  Henry,  Clerk-Typist,  Office  on  Smoking  and  Health, 
Rockville,  Maryland 

Timothy  K.  Hensley,  Technical  Publications  Writer,  Office  on 
Smoking  and  Health,  Rockville,  Maryland 

Shirley  K.  Hickman,  Data  Entry  Operator,  Information  Manage- 
ment Department,  ATLIS  Federal  Services,  Inc.,  Rockville,  Mary- 
land 

Robert  S.  Hutchings,  Associate  Director  for  Information  and  Pro- 
gram Development,  Office  on  Smoking  and  Health,  Rockville, 
Maryland 

Karen  Jacob,  Senior  Editor,  Smoking  and  Health  Project,  The  Circle, 
Inc.,  McLean,  Virginia 

Sheila  Jones,  Word  Processing  Specialist,  Smoking  and  Health 
Project,  The  Circle,  Inc.,  McLean,  Virginia 

Rick  Keir,  Senior  Editor,  Smoking  and  Health  Project,  The  Circle, 
Inc.,  McLean,  Virginia 

JuUe  Kurz,  Graphics  Specialist,  Information  Management  Depart- 
ment, ATLIS  Federal  Services,  Inc.,  Rockville,  Maryland 

Diana  Lord,  Research  Assistant,  Department  of  Medical  Psychology, 
Uniformed  Services  University  of  the  Health  Sciences,  Bethesda, 
Maryland 

Gerri  E.  Mast,  Secretary,  Center  for  Health  Promotion  and  Educa- 
tion, Centers  for  Disease  Control,  Atlanta,  Georgia 

Judy  J.  Mast,  Secretary,  Center  for  Health  Promotion  and  Educa- 
tion, Centers  for  Disease  Control,  Atlanta,  Georgia 

Dixie  McGough,  Program  Manager,  Information  Management  De- 
partment, ATLIS  Federal  Services,  Inc.,  Rockville,  Maryland 

Paul  G.  McGovern,  Ph.D.,  Postdoctoral  Research  Associate,  Smoking 
Research  Group,  Department  of  Psychology,  Iowa  State  Universi- 
ty, Ames,  Iowa 

Dan  McLaughlin,  Editorial  Assistant,  Smoking  and  Health  Project, 
The  Circle,  Inc.,  McLean,  Vii^nia 


xviii 


Nancy  Miltenberger,  Editor,  Smoking  and  Health  Project,  The 

Circle,  Inc.,  McLean,  Virginia 
Cathie  O'Donnell,  Senior  Editor,  Smoking  and  Health  Project,  The 

Circle,  Inc.,  McLean,  Virginia 
Ruth  C.  Palmer,  Secretary,  Office  on  Smoking  and  Health,  Rockviile, 

Maryland 

Russell  D.  Peek,  Library  Acquisitions  Specialist,  Information  Man- 
agement Department,  ATLIS  Federal  Services,  Inc.,  Rockviile, 

Maryland 

Mary  B.  Pfeiffer,  M.L.S.,  Librarian,  Addiction  Research  Center, 
National  Institute  on  Drug  Abuse,  Baltimore,  Maryland 

Margaret  E.  Pickerel,  Public  Information  and  Publications  Special- 
ist, Office  on  Smoking  and  Health,  Rockviile,  Maryland 

Renate  Phillips,  Desktop  Publishing/Graphic  Artist,  Smoking  and 
Health  Project,  The  Circle,  Inc.,  McLean,  Virginia 

Karen  Sherman,  Production  Assistant,  Information  Management 
Department,  ATLIS  Federal  Services,  Inc.,  Rockviile,  Maryland 

Linda  R.  Spiegelman,  Administrative  Officer,  Office  on  Smoking  and 
Health,  Rockviile,  Maryland 

Tamara  Shipp,  Publications  Assistant,  Smoking  and  Health  Project, 
The  Circle,  Inc.,  McLean,  Virginia 

Evelyn  L.  Swarr,  Systems  Management  Projects  Supervisor,  Infor- 
mation Systems  Department,  ATLIS  Federal  Services,  Inc.,  Rock- 
viile, Maryland 

Patricia  Y.  Thomas,  Secretary,  Addiction  Research  Center,  National 

Institute  on  Drug  Abuse,  Baltimore,  Maryland 
Daniel  R.  Tisch,  Project  Director,  Smoking  and  Health  Project,  The 

Circle,  Inc.,  McLean,  Virginia 
Louise  G.  Wiseman,  Technical  Information  Specialist,  Office  on 

Smoking  and  Health,  Rockviile,  Maryland 


xix 


TABLE  OF  CONTENTS 

Foreword  i 

Preface  iii 

Acknowledgments  ix 

I.  Introduction,  Overview,  Summary,  and 

Conclusions  1 

II.  Nicotine:  Pharmacokinetics,  Metabolism,  and  Phar- 
macodynamics  21 

III.  Nicotine:  Sites  and  Mechanisms  of  Actions  75 

rV.  Tobacco  Use  as  Drug  Dependence  145 

V.  Tobacco  Use  Compared  to  Other  Dri^ 

Dependencies  241 

VI.  Effects  of  Nicotine  That  May  Promote  Tobacco 

Use  377 

Vn.  Treatment  of  Tobacco  Dependence  459 

Appendix  A:  Trends  in  Tobacco  Use  in  the  United 

States  561 

Appendix  B:  Toxicity  of  Nicotine  589 

Index  619 


xxi 


CHAPTER  I 


INTRODUCTION,  OVERVIEW, 
SUMMARY,  AND  CONCLUSIONS 


1 


CONTENTS 


Introduction  5 

Development  and  Organization  of  this  Report  5 


Overview  6 


Major  Conclusions  9 


Brief  History  Relevant  to  this  Report.  9 


Chapter  Conclusions  13 

Chapter  II:    Nicotine:  Pharmacokinetics,  Metabo- 
lism, and  Pharmacodynamics  ....13 

Chapter  III:  Nicotine:  Sites  and  Mechanisms  of 

Actions  14 

Chapter  IV:  Tobacco  Use  as  Drug  Dependence  14 

Chapter  V:    Tobacco  Use  Compared  to  Other  Drug 

Dependencies  15 

Chapter  VI:  Effects  of  Nicotine  That  May  Promote 

Tobacco  Use  15 

Chapter  VII:  Treatment  of  Tobacco  Dependence  15 

Appendix  A:  Trends  in  Tobacco  Use  in  the  United 

States  16 

Appendix  B:  Toxicity  of  Nicotine   16 


References  18 


3 


Introduction 

Development  and  Organization  of  this  Report 

This  Report  was  developed  by  the  Office  on  Smoking  and  Health, 
Center  for  Health  Promotion  and  Education,  Centers  for  Disease 
Control,  Public  Health  Service  of  the  U.S.  Department  of  Health  and 
Human  Services  as  part  of  the  Department's  responsibility,  under 
Public  Law  91-222,  to  report  new  and  current  information  on 
smoking  and  health  to  the  United  States  Congress. 

The  scientific  content  of  this  Report  reflects  the  contributions  of 
more  than  50  scientists  representing  a  wide  variety  of  relevant 
disciplines.  These  experts,  known  for  their  understanding  of  and 
work  in  specific  content  areas,  prepared  manuscripts  for  incorpora- 
tion into  this  Report.  The  Office  on  Smoking  and  Health  and  its 
consultants  edited  and  consolidated  the  individual  manuscripts  into 
appropriate  chapters.  These  draft  chapters  were  subjected  to  an 
extensive  outside  peer  review  (see  Acknowledgments  for  individuals 
and  their  affiliations)  whereby  each  chapter  was  reviewed  by  up  to 
11  experts.  Based  on  the  comments  of  these  reviewers,  the  chapters 
were  revised  and  the  entire  volume  was  assembled.  This  revised 
edition  of  the  Report  was  resubjected  to  review  by  20  distinguished 
scientists  inside  and  outside  the  Federal  Government,  both  in  this 
country  and  abroad.  Parallel  to  this  review,  the  entire  Report  was 
also  submitted  for  review  to  12  institutes  and  eigencies  within  the 
U.S.  Public  Health  Service.  The  comments  from  the  senior  scientific 
reviewers  and  the  agencies  were  used  to  prepare  the  final  volume  of 
this  Report. 

This  Report  contains  a  Foreword  by  the  Assistant  Secretary  for 
Health,  a  Preface  by  the  Surgeon  General  of  the  U.S.  Public  Health 
Service,  and  the  following  chapters  and  appendices: 

Chapter  I.    Introduction,  Overview,  Summary,  and  Conclu- 
sions 

Chapter  II.    Nicotine:    Pharmacokinetics,    Metabolism,  and 

Pharmacodynamics 
Chapter  III.  Nicotine:  Sites  and  Mechanisms  of  Actions 
Chapter  IV.  Tobacco  Use  as  Drug  Dependence 
Chapter  V.   Tobacco  Use  Compared  to  Other  Drug 

Dependencies 

Chapter  VI.  Effects  of  Nicotine  That  May  Promote  Tobacco 

Use 

Chapter  VII.  Treatment  of  Tobacco  Dependence 
Appendix  A.  Trends  in  Tobacco  Use  in  the  United  States 
Appendix  B.  Toxicity  of  Nicotine 
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Overview 


This  Report  of  the  Surgeon  General  on  tobacco  and  health  focuses 
on  the  pharmacologic  basis  of  tobacco  addiction.  Previous  Surgeon 
General's  Reports  have  reviewed  the  medical  and  scientific  evidence 
establishing  that  cigarette  smoking  and  tobacco  use  in  other  forms 
are  deleterious  to  health.  Several  reports  emphasized  particular 
diseases  (e.g.,  1982  Report  on  cancer  (US  DHHS  1982),  1983  Report 
on  cardiovascular  disease  (US  DHHS  1983a),  1984  Report  on  chronic 
obstructive  lung  disease  (US  DHHS  1984a));  some  reports  concentrat- 
ed on  specific  populations  (e.g.,  1980  Report  on  women  (US  DHHS 
1980));  and  some  reports  dealt  with  particular  aspects  of  smoking 
(e.g.,  1986  Report  on  involuntary  smoking  (US  DHHS  1986a)).  These 
reports  have  been  important  because  so  many  individuals  engage  in 
a  behavior  that  causes  morbidity  and  premature  mortality. 

The  present  Report  addresses  a  central  issue  of  the  tobacco  and 
health  problem:  Why  do  people  smoke  and  in  other  ways  consume 
tobacco  products?  Specifically,  this  Report  reviews  the  pharmacolog- 
ic basis  of  the  disease-producing  and  life-threatening  behavior  of 
tobacco  use.  Psychological  and  social  factors  are  also  important 
influences  on  tobacco  use,  but  a  detailed  review  of  these  factors  is 
beyond  the  scope  of  this  Report.  Reviews  of  this  literature  include 
previous  reports  of  the  Surgeon  General  (US  DHEW  1979;  US  DHHS 
1980,  1982,  1983a,  1984a),  research  monographs  from  the  National 
Institute  on  Drug  Abuse  (NIDA)  (Jarvik  et  al.  1977;  Krasnegor  1978, 
1979a,b,c;  Grabowski  and  Bell  1983),  and  articles  by  scientists  who 
study  tobacco  use  and  nicotine  (Russell  1971,  1976;  Gritz  1980; 
Henningfield  1984). 

This  Report  reviews  evidence  that  tobacco  use  is  addicting  and 
that  nicotine  is  the  active  pharmacologic  agent  of  tobacco  that  causes 
this  addictive  behavior.  Previous  Surgeon  General's  Reports  have 
focused  on  evidence  that  cigarette  smoking  and  tobacco  use  are 
health  hazards.  Now  that  those  relationships  are  well-documented 
and  well-known,  this  Report  addresses  addictive  properties  of 
cigarette  smoking  and  tobacco  use  in  order  to  help  develop  more 
effective  prevention  and  cessation  programs. 

This  Report  topic  is  particularly  timely  because  of  recent  advsmces 
and  extensive  data  gathered  in  the  1980s  relevant  to  the  issue  of 
tobacco  addiction.  Since  the  early  1900s  scientific  literature  and 
historical  anecdotes  have  provided  evidence  that  tobacco  use  is  a 
form  of  drug  addiction.  In  the  1970s,  however,  research  efforts 
increased  considerably  on  various  aspects  of  tobacco  addiction, 
including  nicotine  pharmacokinetics,  pharmacodynamics,  self-ad- 
ministration, withdrawal,  dependence,  and  tolerance.  In  addition, 
advances  in  the  neurosciences  have  begun  to  reveal  effects  of 
nicotine  in  the  brain  and  body  that  may  help  to  explain  why  tobacco 
use  is  reinforcing  and  difficult  to  give  up.  These  issues  are  addressed 
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in  this  Report.  Finally,  recent  developments  in  the  use  of  nicotine 
replacement  in  smoking  cessation  emphasize  the  importance  of 
pharmacologic  aspects  of  cigarette  smoking. 

Concepts  of  drug  addiction  or  drug  dependence  are  discussed  in 
detail  in  Chapters  IV  and  V.  It  is  useful  to  begin  this  Report  with  a 
brief  summary  of  main  points  about  drug  dependence  that  provide 
the  foundation  for  the  findings  of  the  Report. 

The  terms  "drug  addiction"  and  "drug  dependence"  are  scientifi- 
cally equivalent:  both  terms  refer  to  the  behavior  of  repetitively 
ingesting  mood-altering  substances  by  individuals.  The  term  "drug 
dependence"  has  been  increasingly  adopted  in  the  scientific  and 
medical  literature  as  a  more  technical  term,  whereas  the  term  "drug 
addiction"  continues  to  be  used  by  NIDA  and  other  organizations 
when  it  is  important  to  provide  information  at  a  more  general  level. 
Throughout  this  Report,  both  terms  are  used  and  they  are  used 
synonymously. 

The  main  conclusions  of  the  Report  are  based  upon  concepts  of 
drug  dependence  that  have  been  developed  by  expert  committees  of 
the  World  Health  Organization,  as  well  as  in  publications  of  NIDA 
and  the  American  Psychiatric  Association.  These  concepts  were  used 
to  develop  a  set  of  criteria  to  determine  whether  tobacco-delivered 
nicotine  is  addicting.  The  criteria  for  drug  dependence  include 
primary  and  additional  indices  and  are  summarized  below. 

CRITERIA  FOR  DRUG  DEPENDENCE 

Primary  Criteria 

•  Highly  controlled  or  compulsive  use 

•  Psychoactive  effects 

•  Drug-reinforced  behavior 

Additional  Criteria 

•  Addictive  behavior  often  involves: 

-stereotypic  patterns  of  use 
-use  despite  harmful  effects 
-relapse  following  abstinence 
-recurrent  drug  cravings 

•  Dependence-producing  drugs  often  produce: 

-tolerance 

-physical  dependence 
-pleasant  (euphoriant)  effects 

The  primary  criteria  listed  above  are  sufficient  to  define  drug 
dependence.  Highly  controlled  or  compulsive  use  indicates  that  drug- 
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seeking  and  drug-taking  behavior  is  driven  by  strong,  often  irresisti- 
ble urges.  It  can  persist  despite  a  desire  to  quit  or  even  repeated 
attempts  to  quit.  Such  behavior  is  also  referred  to  as  "habitual" 
behavior.  To  distinguish  drug  dependence  from  habitual  behaviors 
not  involving  drugs,  it  must  be  demonstrated  that  a  drug  with 
psychoactive  (mood-altering)  effects  in  the  brain  enters  the  blood 
stream.  Furthermore,  drug  dependence  is  defined  by  the  occurrence 
of  drug-motivated  behavior;  therefore,  the  psychoactive  chemical 
must  be  capable  of  functioning  as  a  reinforcer  that  can  directly 
strengthen  behavior  leading  to  further  drug  ingestion. 

Additional  criteria  are  often  used  to  help  characterize  drug 
dependence.  Several  are  associated  with  the  drug-taking  behavior 
itself:  (1)  the  behavior  may  develop  into  regular  temporal  and 
physical  patterns  of  use  (repetitive  and  stereotypic);  (2)  drug  use  may 
persist  despite  adverse  physical,  psychological,  or  social  conse- 
quences; (3)  quitting  episodes  are  often  followed  by  resumption  of 
drug  use  (relapse);  (4)  urges  (cravings)  to  use  the  drug  may  be 
recurrent  and  persistent,  especially  during  drug  abstinence.  Similar- 
ly, several  common  effects  of  dependence-producing  drugs  can 
strengthen  their  control  over  behavior  and  increase  the  likelihood  of 
harm  by  contributing  to  the  regularity  and  overall  level  of  drug 
intake:  (1)  diminished  responsiveness  (tolerance)  to  the  effects  of  a 
drug  occurs,  and  may  be  accompanied  by  increased  intake  over  time; 
(2)  abstinence-associated  withdrawal  reactions  (due  to  physical 
dependence)  can  motivate  further  drug  intake;  (3)  effects  that  are 
considered  pleasant  (euphoriant)  to  the  drug  user  can  be  provided  by 
the  drug  itself.  Dependence-producing  drugs  can  also  produce  effects 
that  individuals  find  useful.  For  example,  many  addicting  drugs 
have  therapeutic  uses  in  medical  treatments  of  various  disorders. 
Most  medically  approved  drugs  that  are  addicting,  however,  are 
generally  only  available  by  prescription.  Effects  of  a  drug  considered 
by  the  individual  to  be  useful  can  promote  initiation  of  drug  use, 
strengthen  the  addiction,  and  contribute  to  relapse  following  cessa- 
tion of  use. 

Tobacco  and  nicotine  are  considered  in  the  Report  in  light  of  the 
above  criteria.  In  brief,  the  organization  of  the  Report  is  as  follows: 
review  of  evidence  that  tobacco  use  is  accompanied  by  orderly 
patterns  of  uptake  of  nicotine  in  the  body  and  brain  resulting  in  the 
development  of  tolerance  (Chapter  II);  review  of  how  effects  of 
nicotine  in  the  brain  and  the  rest  of  the  body  are  chemically 
mediated  (Chapter  III);  review  of  the  evidence  that  tobacco  is 
addicting  and  that  nicotine  is  an  addicting  drug  (Chapter  IV); 
comparison  of  tobacco  use  with  other  addictions  and  of  nicotine  with 
other  addicting  drugs  (Chapter  V);  review  of  possible  effects  of 
nicotine  that  may  promote  the  use  of  tobacco  and  present  impedi- 
ments to  quitting  smoking  (Chapter  VI);  review  of  strategies  for 
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helping  people  to  achieve  and  maintain  tobacco  abstinence  (Chapter 
VII).  In  addition,  appendices  are  included  that  summarize  informa- 
tion regarding  trends  in  tobacco  use  (Appendix  A)  and  information 
regarding  the  toxicity  of  nicotine  itself  (Appendix  B).  A  summary  of 
the  main  findings  of  the  Report  follows. 

Major  Conclusions 

1.  Cigarettes  and  other  forms  of  tobacco  are  addicting. 

2.  Nicotine  is  the  drug  in  tobacco  that  causes  addiction. 

3.  The  pharmacologic  and  behavioral  processes  that 
determine  tobacco  addiction  are  similar  to  those  that 
determine  addiction  to  drugs  such  as  heroin  and 
cocaine. 

Brief  History  Relevant  to  this  Report 

Tobacco  products  have  been  used  for  centuries.  The  tobacco  plant 
was  native  to  the  New  World.  The  oldest  cited  evidence  of  tobacco 
use  appears  on  a  Mayan  stone  carving  dated  from  600  to  900  A.D. 
There  are  reports  of  tobacco  smoking  in  Christopher  Columbus' 
diary  in  1492;  reports  of  tobacco  smoking  appear  in  the  logs  of  other 
European  explorers  of  the  New  World  in  the  16th  century.  Since  the 
colonial  period,  tobacco  has  been  an  integral  part  of  the  American 
economy  (Robert  1949). 

Tobacco  use  permeated  the  New  World  and  quickly  spread 
throughout  the  rest  of  the  world  during  the  16th  and  17th  centuries. 
As  use  of  tobacco  products  spread,  so  did  controversy  over  the  effects 
of  these  products.  Throughout  history,  while  some  persons  extolled 
the  virtues  of  tobacco  (including  numerous  alleged  medicinal  uses), 
others  condemned  its  use.  George  Washington  is  attributed  with 
exhorting  the  home  front  during  the  Revolutionary  War,  "If  you 
can't  send  money,  send  tobacco."  In  contrast,  Dr.  Benjamin  Rush 
condemned  tobacco  use  in  his  1798  book  Essays.  The  controversy 
continued  into  the  19th  century  with  no  convincing  scientific  or 
medical  evidence  to  support  either  position  (Robert  1949). 

In  1856-57  the  British  medical  journal  Lancet  published  opinions 
of  50  physicians  on  tobacco  use.  Many  opponents  attributed  in- 
creased crime,  nervous  paralysis,  loss  of  intellectual  abilities,  and 
visual  impairment  to  tobacco  use — all  of  these  claims  lacked 
convincing  evidence.  In  restating  the  main  arguments  of  the  tobacco 
proponents,  the  Lancet  editors  wrote  that  tobacco  use  "...must  have 
some  good  or  at  least  pleasurable  effects;  that,  if  its  evil  effects  were 
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so  dreadful  as  stated  the  human  race  would  have  ceased  to  exist" 
(Lancet  1857). 

While  the  health-promoting  and  health-damaging  effects  of  tobac- 
co products  were  being  debated  throughout  the  17th  and  18th 
centuries,  scientists  were  trying  to  determine  the  chief  active 
ingredient  in  tobacco.  In  the  early  1800s  the  oily  essence  of  tobacco 
was  discovered  by  Cerioli  and  by  Vauquelin.  This  active  substance 
was  named  "Nicotianine,"  after  Jean  Nicot,  who  sent  tobacco  seeds 
from  Portugal  to  the  French  court  at  the  end  of  the  16th  century.  In 
1828,  Posselt  and  Reimann  at  the  University  of  Heidelberg  isolated 
the  pure  form  of  Nicotianine  and  renamed  it  "Nikotin."  The 
chemical's  empirical  formula,  C10H14N2,  was  determined  in  the 
1840s,  and  "nicotine"  was  synthesized  in  the  1890s  (Robert  1949). 

Since  the  late  1800s,  research  on  the  pharmacologic  actions  of 
nicotine  has  contributed  substantially  to  basic  information  about  the 
nervous  system  (Kharkevich  1980;  Voile  1980).  The  classic  work  by 
Langley  and  Dickinson  (1889)  on  nicotine's  effects  in  autonomic 
ganglia  led  to  the  postulates  that  chemicals  transmit  information 
between  neurons  and  that  there  are  receptors  on  cells  that  respond 
functionally  to  stimulation  by  specific  chemicals.  As  early  as  the 
1920s  and  1930s,  some  investigators  were  concluding  that  nicotine 
was  responsible  for  the  compulsive  use  of  tobacco  products  (Arm- 
strong-Jones 1927;  Dorsey  1936;  Lewin  1931).  Johnston  (1942) 
concluded  that,  "smoking  tobacco  is  essentially  a  means  of  adminis- 
tering nicotine,  just  as  smoking  opium  is  a  means  of  administering 
morphine." 

Throughout  the  20th  century,  research  has  continued  to  investi- 
gate the  role  of  nicotine  in  tobacco  use.  The  1964  Report  of  the 
Surgeon  General's  Advisory  Committee  on  Smoking  and  Health  (US 
PHS  1964)  held  that:  "The  habitual  use  of  tobacco  is  related 
primarily  to  psychological  and  social  drives,  reinforced  and  perpetu- 
ated by  the  pharmacologic  actions  of  nicotine  on  the  central  nervous 
system.  Nicotine-free  tobacco  or  other  plant  materials  do  not  satisfy 
the  needs  of  those  who  acquire  the  tobacco  habit."  The  1964  Report, 
relying  upon  a  distinction  (that  is  no  longer  made)  between 
"habituating"  and  "addicting"  drugs,  asserted  that  tobacco  was 
habituating  and  not  addicting.  The  distinction  in  1964  between 
habituating  drugs  (including  cocaine  and  amphetamines)  and  addict- 
ing drugs  (including  opiates  and  barbiturates)  was  based  on:  (1) 
whether  the  drug  produced  clear  physical  dependence;  (2)  whether 
damage  was  mainly  to  the  individual  user  (habituating  drugs)  or  to 
society  (addicting  drugs);  and  (3)  the  strength  of  the  habitual 
behavior  that  developed.  There  was  no  question  at  the  time  of  the 
1964  Report  that  nicotine  was  the  critical  pharmacologic  agent  for 
tobacco  use,  but  its  role  was  then  considered  to  be  more  similar  to 
cocaine  and  amphetamines  than  to  opiates  and  barbiturates.  Later 
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in  1964  the  World  Health  Organization  dropped  this  semantic 
distinction  between  habituating  and  addicting  drugs  because  it  was 
recognized  that  habitual  use  could  be  as  strongly  developed  for 
cocaine  as  for  morphine,  that  social  damage  generally  accompanied 
personal  damage,  and  that  behavioral  characteristics  of  drug  use 
could  be  similar  for  the  so-called  habituating  and  addicting  drugs.  In 
an  effort  to  shift  the  focus  to  dependent  patterns  of  behavior  and 
away  from  moral  and  social  issues  associated  with  the  term 
addiction,  the  term  dependence  was  recommended. 

It  is  now  clear  that  even  by  the  earlier  distinction  in  nomencla- 
ture, cigarettes  and  other  forms  of  tobacco  are  addicting  and  actions 
of  nicotine  provide  the  pharmacologic  basis  of  tobacco  addiction.  The 
term  "dependence  producing"  may  also  be  used  to  describe  cigarettes 
and  other  forms  of  tobacco  use,  analogous  to  actions  of  other  drugs 
(e.g.,  opiates,  cocaine).  Since  1964,  considerable  additional  evidence 
has  been  compiled  that  substantiates  these  conclusions.  The  present 
Report  reviews  this  information  and  the  relevant  literature. 

Previous  Surgeon  General's  Reports  provided  current  reviews  of 
the  health  consequences  of  cigarette  smoking  particularly  relevant 
to  public  health.  For  example,  despite  the  accumulating  evidence,  in 
the  early  1960s  there  was  little  recognition  by  the  public  of  the 
health  hazards  of  smoking.  Each  Report  examined  specific  informa- 
tion considered  to  be  important  for  public  dissemination.  A  brief 
review  of  topics  addressed  in  these  reports  provides  the  background 
for  the  present  Report. 

In  the  late  1950s,  the  U.S.  Public  Health  Service,  the  National 
Cancer  Institute,  the  National  Heart  Institute,  the  American  Cancer 
Society,  and  the  American  Heart  Association  appointed  a  study 
group  to  examine  the  available  evidence  on  smoking  and  health. 
This  study  group  concluded  that  excessive  cigarette  smoking  is  a 
causative  factor  in  lung  cancer. 

In  1962,  Surgeon  General  Luther  Terry  established  an  advisory 
committee  on  smoking  and  health.  This  committee  released  its 
Report  on  January  11,  1964,  concluding  that  cigarette  smoking  is  a 
cause  of  lung  cancer  in  men  and  a  suspected  cause  of  lung  cancer  in 
women,  and  increased  the  risk  of  dying  from  pulmonary  emphysema. 
The  next  Report  was  issued  in  1967  (US  PHS  1968a)  and  stated  that 
"the  case  for  cigarette  smoking  as  the  principal  cause  of  lung  cancer 
is  overwhelming."  Further,  the  1967  Report  concluded  that:  "There 
is  an  increasing  convergence  of  many  types  of  evidence  .  .  .  which 
strongly  suggests  that  cigarette  smoking  can  cause  death  from 
coronary  heart  disease."  The  1967  Report  also  concluded  that 
"Cigarette  smoking  is  the  most  important  of  the  causes  of  chronic 
non-neoplastic  bronchopulmonary  disease  in  the  United  States." 

The  1968  and  1969  Reports  (US  PHS  1968b,  1969)  strengthened 
the  conclusions  reached  in  1967.  The  1971  Report  provided  a  detailed 
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review  of  the  evidence  to  date  regarding  health  consequences  of 
smoking  (US  DHEW  1971).  The  subsequent  reports  (1972  to  1976) 
continued  to  review  the  increasing  evidence  associating  cigarette 
smoking  with  many  health  hazards.  The  1972  Report  also  discussed 
involuntary  or  passive  smoking  (US  DHEW  1972).  The  1973  Report 
included  some  data  on  the  health  hazards  of  smoking  pipes  and 
cigars  (US  PHS  1973).  The  1975  Report  updated  information  on  the 
health  effects  of  involuntary  or  passive  smoking  (US  DHEW  1975). 
The  combined  1977-78  Report  discussed  smoking-related  problems 
unique  to  women  (US  DHEW  1978). 

At  the  time  of  its  release,  the  1979  Report  was  the  most 
comprehensive  review  by  a  Surgeon  General's  Report  of  the  health 
consequences  of  smoking,  smoking  behavior,  and  smoking  control.  In 
addition  to  providing  a  thorough  review  of  the  health  consequences 
of  smoking,  the  1979  Report  discussed  the  health  consequences  of 
using  forms  of  tobacco  other  than  cigarettes  (pipes,  cigars,  and 
smokeless  tobacco).  Moreover,  the  1979  Report  expanded  the  scope  of 
the  previous  reports  and  examined  behavioral,  pharmacologic,  and 
social  factors  influencing  the  initiation,  maintenance,  and  cessation 
of  cigarette  smoking.  Relevant  to  the  topic  of  the  present  Report,  the 

1979  Report  concluded  that  "it  is  no  exaggeration  to  say  that 
smoking  is  the  prototypical  substance-abuse  dependency  and  that 
improved  knowledge  of  this  process  holds  great  promise  for  preven- 
tion of  risk."  Since  the  release  of  the  1979  Report,  each  subsequent 
Report  has  focused  on  a  specific  population  or  setting  (women  in 

1980  (US  DHHS  1980),  the  workplace  in  1985  (US  DHHS  1985)),  a 
specific  topic  (health  effects  of  low-tar  and  low-nicotine  cigarettes  in 

1981  (US  DHHS  1981),  involuntary  smoking  in  1986  (US  DHHS 
1986a)),  or  a  specific  disease  (cancer  in  1982  (US  DHHS  1982), 
cardiovascular  diseases  in  1983  (US  DHHS  1983a),  chronic  obstruc- 
tive lung  disease  in  1984  (US  DHHS  1984a)). 

In  addition  to  the  previous  Surgeon  General's  Reports,  several 
other  developments  and  publications  provide  relevant  background 
for  the  present  Report.  For  example,  numerous  monographs  pre- 
pared in  the  1970s  by  the  National  Institute  on  Drug  Abuse  (NIDA) 
considered  tobacco  use  as  a  form  of  drug  dependence.  In  1980,  the 
American  Psychiatric  Association,  in  its  Diagnostic  and  Statistical 
Manual  of  Mental  Disorders,  included  tobacco  dependence  as  a 
substance  abuse  disorder  and  tobacco  withdrawal  as  an  organic 
mental  disorder  (APA  1980).  The  1987  revised  edition  of  this  manual 
(APA  1987),  in  recognition  of  the  role  of  nicotine,  changed  "tobacco 
withdrawal"  to  "nicotine  withdrawal."  In  1982,  the  Director  of  NIDA 
testified  to  Congress  that  the  position  of  NIDA  was  that  tobacco  use 
could  lead  to  dependence  and  that  nicotine  was  a  prototypic 
dependence-producing  drug.  In  a  1983  publication,  "Why  People 
Smoke  Cigarettes,"  the  U.S.  Public  Health  Service  supported  this 
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position  of  NIDA  regarding  tobacco  and  nicotine  (US  DHHS  1983b). 
In  the  1984  NIDA  Triennial  Report  to  Congress,  nicotine  was  labeled 
a  prototypic  dependence-producing  drug  and  the  role  of  nicotine  in 
tobacco  use  was  considered  to  be  analogous  to  the  roles  of  morphine, 
cocaine,  and  ethanol,  in  the  use  of  opium,  coca-derived  products,  and 
alcoholic  beverages,  respectively  (US  DHHS  1984b).  In  1986,  a 
consensus  conference  of  the  National  Institutes  of  Health  and  the 
Report  of  the  Advisory  Committee  to  the  Surgeon  General  on  the 
health  consequences  of  using  smokeless  tobacco  concluded  that 
smokeless  tobacco  can  be  addicting  and  that  nicotine  is  a  depen- 
dence-producing (i.e.,  addicting)  drug  (US  DHHS  1986b). 

The  present  Report  is  the  20th  such  report  issued  by  the  Public 
Health  Service  on  the  health  consequences  of  tobacco  use.  The 
deleterious  effects  of  cigarette  smoking  are  now  well  known. 
Therefore,  this  Report  focuses  on  pharmacologic  information  to  help 
understand  why  people  smoke.  Such  information  will  assist  health 
professionals  in  developing  effective  strategies  to  prevent  initiation 
and  to  promote  cessation.  The  literature  reviewed  in  this  Report 
indicates  that  tobacco  use  is  an  addictive  behavior.  It  is  the  purpose 
of  this  Report  to  thoroughly  review  the  relevant  literature. 

Chapter  Conclusions 

In  addition  to  the  three  overall  conclusions  of  this  Report,  there 
are  many  other  substantive  conclusions.  These  points  are  listed 
under  the  appropriate  Chapter  and  Appendix  headings. 

Chapter  11:  Nicotine:  Pharmacokinetics,  Metabolism,  and  Phar- 
macodynamics 

1.  All  tobacco  products  contain  substantial  amounts  of  nicotine 
and  other  alkaloids.  Tobaccos  from  low-yield  and  high-yield 
cigarettes  contain  similar  amounts  of  nicotine. 

2.  Nicotine  is  absorbed  readily  from  tobacco  smoke  in  the  lungs 
and  from  smokeless  tobacco  in  the  mouth  or  nose.  Levels  of 
nicotine  in  the  blood  are  similar  in  magnitude  in  people  using 
different  forms  of  tobacco.  With  regular  use,  levels  of  nicotine 
accumulate  in  the  body  during  the  day  and  persist  overnight. 
Thus,  daily  tobacco  users  are  exposed  to  the  effects  of  nicotine 
for  24  hr  each  day. 

3.  Nicotine  that  enters  the  blood  is  rapidly  distributed  to  the 
brain.  As  a  result,  effects  of  nicotine  on  the  central  nervous 
system  occur  rapidly  after  a  puff  of  cigarette  smoke  or  after 
absorption  of  nicotine  from  other  routes  of  administration. 

4.  Acute  and  chronic  tolerance  develops  to  many  effects  of 
nicotine.  Such  tolerance  is  consistent  with  reports  that  initial 
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use  of  tobacco  products,  such  as  in  adolescents  first  beginning 
to  smoke,  is  usually  accompanied  by  a  number  of  unpleasant 
symptoms  which  disappear  following  chronic  tobacco  use. 

Chapter  III:  Nicotine:  Sites  and  Mechanisms  of  Actions 

1.  Nicotine  is  a  powerful  pharmacologic  agent  that  acts  in  the 
brain  and  throughout  the  body.  Actions  include  electrocortical 
activation,  skeletal  muscle  relaxation,  and  cardiovascular  and 
endocrine  effects.  The  many  biochemical  and  electrocortical 
effects  of  nicotine  may  act  in  concert  to  reinforce  tobacco  use. 

2.  Nicotine  acts  on  specific  binding  sites  or  receptors  throughout 
the  nervous  system.  Nicotine  readily  crosses  the  blood-brain 
barrier  and  accumulates  in  the  brain  shortly  after  it  enters  the 
body.  Once  in  the  brain,  it  interacts  with  specific  receptors  and 
alters  brain  energy  metabolism  in  a  pattern  consistent  with  the 
distribution  of  specific  binding  sites  for  the  drug. 

3.  Nicotine  and  smoking  exert  effects  on  nearly  all  components  of 
the  endocrine  and  neuroendocrine  systems  (including  catechol- 
amines, serotonin,  corticosteroids,  pituitary  hormones).  Some 
of  these  endocrine  effects  are  mediated  by  actions  of  nicotine 
on  brain  neurotransmitter  systems  (e.g.,  hypothalam- 
ic-pituitary  axis).  In  addition,  nicotine  has  direct  peripherally 
mediated  effects  (e.g.,  on  the  adrenal  medulla  and  the  adrenal 
cortex). 

Chapter  IV:  Tobacco  Use  as  Drug  Dependence 

1.  Cigarettes  and  other  forms  of  tobacco  are  addicting.  Patterns  of 
tobacco  use  are  regular  and  compulsive,  and  a  withdrawal 
syndrome  usually  accompanies  tobacco  abstinence. 

2.  Nicotine  is  the  drug  in  tobacco  that  causes  addiction.  Specifi- 
cally, nicotine  is  psychoactive  ("mood  altering")  and  can 
provide  pleasurable  effects.  Nicotine  can  serve  as  a  reinforcer 
to  motivate  tobacco-seeking  and  tobacco-using  behavior.  Toler- 
ance develops  to  actions  of  nicotine  such  that  repeated  use 
results  in  diminished  effects  and  can  be  accompanied  by 
increased  intake.  Nicotine  also  causes  physical  dependence 
characterized  by  a  withdrawal  syndrome  that  usually  accompa- 
nies nicotine  abstinence. 

3.  The  physical  characteristics  of  nicotine  delivery  systems  can 
affect  their  toxicity  and  addictiveness.  Therefore,  new  nicotine 
delivery  systems  should  be  evaluated  for  their  toxic  and 
addictive  effects. 
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Chapter  V:  Tobacco  Use  Compared  to  Other  Drug  Dependen- 
cies 

1.  The  pharmacologic  and  behavioral  processes  that  determine 
tobacco  addiction  are  similar  to  those  that  determine  addiction 
to  drugs  such  as  heroin  and  cocaine. 

2.  Environmental  factors  including  drug-associated  stimuli  and 
social  pressure  are  important  influences  of  initiation,  patterns 
of  use,  quitting,  and  relapse  to  use  of  opioids,  alcohol,  nicotine, 
and  other  addicting  drugs. 

3.  Many  persons  dependent  upon  opioids,  alcohol,  nicotine,  or 
other  drugs  are  able  to  give  up  their  drug  use  outside  the 
context  of  treatment  programs;  other  persons,  however,  re- 
quire the  assistance  of  formal  cessation  programs  to  achieve 
lasting  drug  abstinence. 

4.  Relapse  to  drug  use  often  occurs  among  persons  who  have 
achieved  abstinence  from  opioids,  alcohol,  nicotine,  or  other 
drugs. 

5.  Behavioral  and  pharmacologic  intervention  techniques  with 
demonstrated  efficacy  are  available  for  the  treatment  of 
addiction  to  opioids,  alcohol,  nicotine,  and  other  drugs. 

Chapter  VI:  Effects  of  Nicotine  That  May  Promote  Tobacco 
Dependence 

1.  After  smoking  cigarettes  or  receiving  nicotine,  smokers  per- 
form better  on  some  cognitive  tasks  (including  sustained 
attention  and  selective  attention)  than  they  do  when  deprived 
of  cigarettes  or  nicotine.  However,  smoking  and  nicotine  do  not 
improve  general  learning. 

2.  Stress  increases  cigarette  consumption  among  smokers.  Fur- 
ther, stress  has  been  identified  as  a  risk  factor  for  initiation  of 
smoking  in  adolescence. 

3.  In  general,  cigarette  smokers  weigh  less  (approximately  7  lb 
less  on  average)  than  nonsmokers.  Many  smokers  who  quit 
smoking  gain  weight. 

4.  Food  intake  and  probably  metabolic  factors  are  involved  in  the 
inverse  relationship  between  smoking  and  body  weight.  There 
is  evidence  that  nicotine  plays  an  important  role  in  the 
relationship  between  smoking  and  body  weight. 

Chapter  VII:  Treatment  of  Tobacco  Dependence 

1.  Tobacco  dependence  can  be  treated  successfully. 

2.  Effective  interventions  include  behavioral  approaches  alone 
and  behavioral  approaches  with  adjunctive  pharmacologic 
treatment. 
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3.  Behavioral  interventions  are  most  effective  when  they  include 
multiple  components  (procedures  such  as  aversive  smoking, 
skills  training,  group  support,  and  self-reward).  Inclusion  of  too 
many  treatment  procedures  can  lead  to  less  successful  out- 
come. 

4.  Nicotine  replacement  can  reduce  tobacco  withdrawal  symp- 
toms and  may  enhance  the  efficacy  of  behavioral  treatment. 

Appendix  A:  Trends  in  Tobacco  Use  in  the  United  States 

1.  An  estimated  32.7  percent  of  men  and  28.3  percent  of  women 
smoked  cigarettes  regularly  in  1985.  The  overall  prevalence  of 
smoking  in  the  United  States  decreased  from  36.7  percent  in 
1976  (52.4  million  adults)  to  30.4  percent  in  1985  (51.1  million 
adults). 

2.  In  1985,  the  mean  reported  number  of  cigarettes  smoked  per 
day  was  21.8  for  male  smokers  and  18.1  for  female  smokers. 

3.  Smoking  is  more  common  in  lower  socioeconomic  categories 
G^lue-coUar  workers  or  unemployed  persons,  less  educated 
persons,  and  lower  income  groups)  than  in  higher  socioeconom- 
ic categories.  For  example,  the  prevalence  of  smoking  in  1985 
among  persons  without  a  high  school  diploma  was  35.4  percent, 
compared  with  16.5  percent  among  persons  with  postgraduate 
college  education. 

4.  An  estimated  18.7  percent  of  high  school  seniors  reported  daily 
use  of  cigarettes  in  1986.  The  prevalence  of  daily  use  of  one  or 
more  cigarettes  among  high  school  seniors  declined  between 
1975  and  1986  by  approximately  35  percent.  Most  of  the  decline 
occurred  between  1977  and  1981.  Since  1976,  the  smoking 
prevalence  among  females  has  consistently  been  slightly 
higher  th£in  among  males. 

5.  The  use  of  cigars  and  pipes  has  declined  80  percent  since  1964. 

6.  Smokeless  tobacco  use  has  increased  substantially  among 
young  men  and  has  declined  among  older  men  since  1975.  An 
estimated  8.2  percent  of  17-  to  19-year-old  men  were  users  of 
smokeless  tobacco  products  in  1986. 

Appendix  B:  Toxicity  of  Nicotine 

1.  At  high  exposure  levels,  nicotine  is  a  potent  and  potentially 
lethal  poison.  Human  poisonings  occur  primarily  as  a  result  of 
accidental  ingestion  or  skin  contact  with  nicotine-containing 
insecticides  or,  in  children,  after  ingestion  of  tobacco  or  tobacco 
juices. 

2.  Mild  nicotine  intoxication  occurs  in  first-time  smokers,  non- 
smoking workers  who  harvest  tobacco  leaves,  and  people  who 
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chew  excessive  amounts  of  nicotine  polacrilex  gum.  Tolerance 
to  these  effects  develops  rapidly. 

3.  Nicotine  exposure  in  long-term  tobacco  users  is  substantial, 
affecting  many  organ  systems  (Chapters  II  and  III).  Pharmaco- 
logic actions  of  nicotine  may  contribute  to  the  pathogenesis  of 
smoking-related  diseases,  although  direct  causation  has  not  yet 
been  determined.  Of  particular  concern  are  cardiovascular 
disease,  complications  of  hypertension,  reproductive  disorders, 
cancer,  and  gastrointestinal  disorders,  including  peptic  ulcer 
disease  and  gastroesophageal  reflux. 

4.  The  risks  of  short-term  nicotine  replacement  therapy  as  an  aid 
to  smoking  cessation  in  healthy  people  are  acceptable  and 
substantially  outweighed  by  the  risks  of  cigarette  smoking. 
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Introduction 


Chemicals  with  behavioral  and  physiological  activity  are  delivered 
to  tobacco  users  when  they  smoke  a  cigarette  or  use  other  tobacco 
products.  Whether  these  chemicals  are  absorbed  in  quantities  that 
are  of  biological  significance  and  whether  such  absorption  is  related 
to  the  behavior  of  the  tobacco  user  are  critical  issues  in  understand- 
ing their  role  in  addictive  tobacco  use.  The  scientific  study  of  the 
absorption  processes,  distribution  within  the  body,  and  elimination 
from  the  body  of  drugs  and  chemicals  is  called  pharmacokinetics. 
The  study  of  drug  and  other  chemical  actions  on  the  body,  over  time, 
is  called  pharmacodynamics. 

Pharmacokinetic  and  pharmacodynamic  studies  can  be  done 
separately  or  together.  An  exiample  of  the  latter  is  when  a  drug  is 
administered  and  its  concentrations  in  the  blood  and  its  behavioral 
and  physiological  actions  are  measured  over  time.  Such  studies  can 
reveal  relationships  among  the  dose  of  a  drug,  levels  in  the  blood, 
and  effects  on  body  functions^ 

The  pharmacokinetics  and  pharmacodsmamics  of  some  tobacco 
smoke  constituents,  particularly  nicotine  and  carbon  monoxide,  have 
been  extensively  studied.  These  studies  show  an  orderly  relationship 
between  the  use  of  tobacco  and  the  absorption  of  nicotine.  Similarly, 
the  effects  on  behavioral  and  physiological  functions,  although 
complex,  are  orderly  and  related  to  the  pharmacokinetics  of  nicotine. 
These  data  will  be  reviewed  in  this  Section.  Research  shows  that 
nicotine  is  well  absorbed  from  tobacco;  that  it  is  distributed  rapidly 
and  in  biologically  active  concentrations  to  body  organs,  including 
the  brain;  and  that  nicotine  is  the  major  cause  of  the  predominant 
behavioral  effects  of  tobacco  and  some  of  its  physiologic  conse- 
quences. 

One  effect  of  nicotine,  development  of  tolerance  to  its  own  actions, 
is  similar  to  that  produced  by  other  addicting  drugs.  Tolerance  refers 
to  decreasing  responsiveness  to  a  drug  or  chemical  such  that  larger 
doses  are  required  to  produce  the  same  magnitude  of  effect. 
Tolerance  to  many  actions  of  nicotine  occurs  in  animals  and  humans. 
Ehddence  for  tolerance  to  nicotine  and  mechanisms  of  tolerance 
development  will  be  reviewed  in  this  Chapter  (see  also  Chapter  VI). 

Although  nicotine  has  long  been  considered  as  the  primary 
pharmacologic  reason  for  tobacco  use,  and  the  source  of  a  number  of 
the  physiological  effects  of  tobacco,  thousands  of  other  chemicals  are 
present  in  tobacco.  Most  of  these  are  delivered  in  such  small 
quantities  that  they  appear  to  have  little  or  no  behavioral  conse- 
quence. However,  a  few  chemicals  do  appear  to  have  behavioral 
effects  and  there  is  a  potential  for  numerous  chemical  interactions 
that  conceivably  could  have  behavioral  consequences.  This  Chapter 
will  conclude  with  an  examination  of  tobacco  smoke  constituents 
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other  than  nicotine  that  may  contribute  to  behavioral  effects  of 
cigarette  smoking. 
The  toxicity  of  nicotine  is  discussed  in  detail  in  Appendix  B. 

Nicotine  and  Other  Allcaloids  in  Various  Tobacco  Products 

Nicotine  is  a  tertiary  amine  composed  of  a  pyridine  and  a 
pyrrolidine  ring  (Figure  1).  Nicotine  may  exist  in  two  different  three- 
dimensionally  structured  shapes,  called  stereoisomers.  Tobacco 
contains  only  (S)-nicotine  (also  called  1-nicotine),  which  is  the  most 
pharmacologically  active  form.  Tobacco  smoke  also  contains  the  less 
potent  (R)-nicotine  (also  called  d-nicotine)  in  quantities  up  to  10 
percent  of  the  total  nicotine  present  (Pool,  Godin,  Crooks  1985). 
Presumably  some  racemization  occurs  during  the  combustion  pro- 
cess. 

The  nicotine  yield  of  cigarettes,  as  determined  by  standardized 
smoking  machine  tests,  is  available  for  most  brands.  However,  the 
amount  of  nicotine  in  cigarettes  or  other  tobacco  products  is  not 
specified  by  manufacturers.  Because  tobacco  is  a  plant  product,  there 
are  differences  in  the  amount  of  nicotine  among  and  within  different 
types  and  strains  of  tobacco,  including  variations  in  different  parts  of 
the  plant,  as  well  as  differences  related  to  growing  conditions.  Table 
1  shows  concentrations  of  nicotine  and  other  alkaloids  in  several 
different  tobacco  leaves  used  in  making  commercial  tobacco  prod- 
ucts. Within  a  tobacco  plant,  leaves  harvested  from  higher  stalk 
positions  have  higher  concentrations  of  nicotine  than  from  lower 
stalk  positions;  ribs  and  stems  of  the  leaves  have  the  least  (Rath- 
kamp,  Tso,  Hoffmann  1973).  Combining  different  varieties  of  tobacco 
and  different  parts  of  the  plant  is  a  way  to  change  the  nicotine 
concentration  of  commercial  tobacco. 

In  a  study  of  amounts  of  nicotine  in  the  tobacco  of  16  American 
cigarette  brands  of  differing  machine-determined  yields  (Benowitz, 
Hall  et  al.  1983),  tobacco  contained  on  average  1.5  percent  nicotine 
by  weight.  Nicotine  yield  of  the  cigarettes,  as  defined  by  Federal 
Trade  Commission  smoking  machine  tests,  was  correlated  inversely 
with  nicotine  concentrations  in  the  tobacco.  Thus,  tobacco  of  lower- 
yield  cigarettes  tended  to  have  higher  concentrations  of  nicotine 
than  did  tobacco  of  higher-yield  cigarettes.  However,  lower-yield 
cigarettes  also  contained  less  tobacco  per  cigarette,  so  the  total 
amount  of  nicotine  contained  per  cigarette,  averaging  8.4  mg,  was 
similar  in  different  brands.  Thus,  low-yield  cigarettes  are  low  yield 
not  because  of  lower  concentrations  of  nicotine  in  the  tobacco,  but 
because  they  contain  less  tobacco  and  have  characteristics  which 
remove  tar  and  nicotine  by  filtration  or  dilution  of  smoke  with  air. 
Concentrations  of  nicotine  in  commercial  tobacco  products  are 
summarized  in  Table  2. 
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NICOTINE  ANATABiNE  ANABASINE  ANABASEINE 


NORNICOTINE  N'-METHYLANATABINE      N'-METHYLANABASINE  2,3'-DIPYRIDYL 


N'-NITROSONORNICOTINE  NICOTYRINE  NORNICOTyRINE  METANICOTINE 


NICOTINE  N-OXIDE  OOTININE  6'-OXOANABASINE  PSEUDOOXYNICOTINE 

(OXYNICOTINE) 


FIGURE  1. — Chemical  structures  of  nicotine  and  minor 
tobacco  alkaloids 

SOURCE:  Lete  (1983). 

Although  the  major  alkaloid  in  tobacco  is  nicotine,  there  are  other 
alkaloids  in  tobacco  which  may  be  of  pharmacologic  importance. 
These  include  nornicotine,  anabasine,  myosmine,  nicotyrine,  and 
anatabine  (Figure  1).  These  substances  make  up  8  to  12  percent  of 
the  total  alkaloid  content  of  tobacco  products  (Table  1)  (Piade  and 
Hoffmann  1980).  In  some  varieties  of  tobacco,  nornicotine  concentra- 
tions exceed  those  of  nicotine  (Schmeltz  and  Hoffmann  1977), 

Typical  quantities  of  the  minor  alkaloids  in  the  smoke  of  one 
cigarette  are:  nornicotine  (27  to  88  |jLg),  cotinine  (9  to  50  ng), 
anabasine  (3  to  12  \ig),  anatabine  (4  to  14  \ig),  myosmine  (9  \ig),  and 
2,3'  dipyridyl  (7  to  27  \ig).  N'-methylanabasine,  nicotyrine,  nornicoty- 
rine,  and  nicotine-N'-oxide  have  also  been  identified  in  cigarette 
smoke  (Schmeltz  and  Hoffmann  1977).  Puffing  chsiracteristics, 
especially  puff  frequency,  influence  the  delivery  of  the  component 
alkaloids  (Bush,  Griinwald,  Davis  1972). 
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TABLE  1. — ^Alkaloid  content  of  various  tobaccos  (mg/kg, 
dry  basis) 


Dark  commercial  tobacco 


Alkaloid 

A 

B 

Burley 

Bright 

Nicotine 

ll,oUU 

lU.UUO 

15,400 

12,900 

Nornicotine 

OOU 

ooU 

210 

Anatabine 

tSoU 

0(U 

DUO 

Anabasine 

J.4U 

iOU 

yu 

1  CA 

195 

140 

90 

40 

Myosmine 

45 

ou 

2,3'-Dipyridyl 

100 

110 

30 

10 

N'-Formyl-nornicotine 

175 

210 

140 

40 

SOURCE:  Piade  and  Hoffmann  (1980). 

TABLE  2. — ^Nicotine  content  of  various  tobacco  products 

Number 
of  brands 
Product  tested 

Concentration 

of  nicotine 
(mg/g  tobacco) 

Typical 
single  dose" 
(g  tobacco) 

Nicotine  in 
single  dose" 
(mg) 

Nicotine  in  dose 
typically  consumed 
in  a  day 

Cigarettes '  15 

15.7  (13.3-26.9)'> 

0.54 

8.4 

168  mg/20  cigs 

Moist  snuff-''  8 

10.5  (6.1-16.6) 

1.4 

14.5 

157  mg/15  g 

Chewing  tobacco  2 

16.8  (9.1-24.5) 

7.9 

133 

1,176  mg/70  g 

.  'Sin)rie  dose  refers  to  a  cigarette  or  an  amount  of  smokeless  tobacco  placed  in  the  mouth. 
Range. 

SOURCE:  ■  Benowitz,  Hall  et  al.  (1983);  ''Kozlowski  etal.  (1982);  'Gritz  et  al.  (1981);  ^Benowitz,  Porchet  et  al.  (in 
preiBs). 


Nornicotine  and  anabasine  have  pharmacol<^c  activity  qualita- 
tively similar  to  .that  of  nicotine,  with  potencies  of  20  to  75  percent 
compared  with  that  of  nicotine,  depending  on  the  test  system  and  the 
animal  (Clark,  Rand,  Vanov  1965).  In  addition  to  direct  activity, 
some  of  the  minor  alkaloids  may  influence  the  effects  of  nicotine.  For 
example,  nicotyrine  inhibits  the  metabolism  of  nicotine  in  animals 
(Stalhandske  and  Slanina  1982). 

The  pharmacology  of  the  minor  tobacco  alkaloids  is  discussed  in 
more  detail  in  the  last  section  of  this  Chapter. 
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Pharmacokinetics  and  Metabolism  of  Nicotine 

Absorption  of  Nicotine 

Nicotine  is  distilled  from  burning  tobacco  and  is  carried  proximal- 
ly  on  tar  droplets  (mass  median  diameter  0.3  to  0.5  [im)  and  probably 
also  in  the  vapor  phase  (Eudy  et  al.  1985),  which  are  inhaled. 
Absorption  of  nicotine  across  biological  membranes  depends  on  pH 
(Armitage  and  Turner  1970;  Schievelbein  et  al.  1973).  Nicotine  is  a 
weak  base  with  a  pKa  (index  of  ionic  dissociation)  of  8.0  (aqueous 
solution,  25°C).  This  means  that  at  pH  8.0,  50  percent  of  nicotine  is 
ionized  and  50  percent  is  nonionized.  In  its  ionized  state,  such  as  in 
acidic  environments,  nicotine  does  not  rapidly  cross  membranes. 

The  pH  of  tobacco  smoke  is  important  in  determining  absorption 
of  nicotine  from  different  sites  within  the  body.  The  pH  of  individual 
puffs  of  cigarettes  made  of  flue-cured  tobacco,  the  predominant 
tobacco  in  most  American  cigarettes,  is  acidic  and  decreases  progres- 
sively with  sequential  puffs  from  pH  6.0  to  5.5  (Brunnemann  and 
Hoffmann  1974).  At  these  pHs,  the  nicotine  is  almost  completely 
ionized.  As  a  consequence,  there  is  little  buccal  absorption  of  nicotine 
from  cigarette  smoke,  even  when  it  is  held  in  the  mouth  (Gori, 
Benowitz,  Lynch  1986).  The  smoke  from  air-cured  tobaccos,  the 
predominant  tobacco  in  pipes,  cigars,  and  in  a  few  European 
cigarettes,  is  alkaline  with  progressive  puffs  increasing  its  pH  from 
6.5  to  7.5  or  higher  (Brunneman  and  Hoffmann  1974).  At  alkaline 
pH,  nicotine  is  largely  nonionized  and  readily  crosses  membranes. 
Nicotine  from  products  delivering  smoke  of  alkaline  pH  is  well 
absorbed  through  the  mouth  (Armitage  et  al.  1978;  Russell,  Raw, 
Jarvis  1980). 

When  tobacco  smoke  reaches  the  small  airways  and  alveoli  of  the 
lung,  the  nicotine  is  rapidly  absorbed.  The  rapid  absorption  of 
nicotine  from  cigarette  smoke  through  the  lung  occurs  because  of  the 
huge  surface  area  of  the  alveoli  and  small  airways  and  because  of 
dissolution  of  nicotine  at  physiological  pH  (approximately  7.4),  which 
facilitates  transfer  across  cell  membranes.  Concentrations  of  nic- 
otine in  blood  rise  quickly  during  cigarette  smoking  and  peak  at  its 
completion  (Figure  2).  Armitage  and  coworkers  (1975),  measuring 
exhalation  of  radiolabeled  nicotine,  found  that  four  cigarette  smok- 
ers absorbed  82  to  92  percent  of  the  nicotine  in  mainstream  smoke, 
another  smoker  presumed  to  be  a  noninhaler  absorbed  29  percent, 
and  three  nonsmokers  (who  were  instructed  to  smoke  as  deeply  as 
possible)  absorbed  30  to  66  percent. 

Chewing  tobacco,  snuff,  and  nicotine  polacrilex  gum  are  of 
alkaline  pH  as  a  result  of  tobacco  selection  and/or  buffering  with 
additives  by  the  manufacturer.  The  alkaline  pH  facilitates  absorp- 
tion of  nicotine  through  mucous  membranes.  The  rate  of  nicotine 
absorption  from  smokeless  tobacco  depends  on  the  product  and  the 
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FIGURE  2. — Blood  nicotine  concentrations  during  and  after 
smoking  cigarettes  (1  1/3  cigarettes),  using  oral 
snuff  (2.5  g),  using  chewing  tobacco  (average, 
7.9  g),  and  chewing  nicotine  gum  (two  2-mg 
pieces) 

SOURCE:  Benowitz,  Porchet  et  al.  (1988). 


route  of  administration.  With  fine-ground  nasal  snuff,  blood  levels  of 
nicotine  rise  almost  as  fast  as  those  observed  after  cigarette  smoking 
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(Russell  et  al.  1981).  The  rate  of  nicotine  absorption  with  the  use  of 

oral  snuff  and  chewing  tobacco  is  more  gradual.  Nicotine  is  poorly 
absorbed  from  the  stomach  due  to  the  acidity  of  gastric  fluid  (Travell 
1960),  but  is  well  absorbed  in  the  small  intestine  (Jenner,  Gorrod, 
Beckett  1973),  which  has  a  more  alkaline  pH  and  a  large  surface 
area.  Bioavailability  of  nicotine  from  the  gastrointestinal  tract  (that 
is,  swallowed  nicotine)  is  incomplete  because  of  presystemic  (first 
pass)  metabolism,  whereby,  after  absorption  into  the  portal  venous 
circulation,  nicotine  is  metabolized  by  the  liver  before  it  reaches  the 
systemic  venous  circulation.  This  is  in  contrast  to  nicotine  absorbed 
through  the  lungs  or  oral/nasal  mucosa,  which  reaches  the  systemic 
circulation  without  first  passing  through  the  liver.  Nicotine  base  can 
be  absorbed  through  the  skin,  and  there  have  been  cases  of  poisoning 
after  skin  contact  with  pesticides  containing  nicotine  (Faulkner 
1933;  Benowitz,  Lake  et  al.  1987;  Saxena  and  Scheman  1985). 
Likewise,  there  iS  evidence  of  cutaneous  absorption  of  and  toxicity 
from  nicotine  in  tobacco  field  workers  (Gehlbach  et  al.  1975). 

Because  of  the  complexity  of  cigarette  smoking  processes  and  use 
of  smokeless  tobacco  products,  the  dose  of  nicotine  cannot  be 
predicted  from  the  nicotine  content  of  the  tobacco  or  its  absorption 
characteristics.  To  determine  the  dose,  one  needs  to  measure  blood 
levels  and  know  how  fast  the  individual  eliminates  nicotine.  This 
topic,  estimation  of  systemic  doses  of  nicotine  consumed  from  various 
tobacco  products,  will  be  considered  in  a  later  section  after  discussion 
of  relevant  pharmacokinetic  issues. 

Distribution  of  Nicotine  in  Body  Tissues 

After  absorption  into  the  blood,  which  is  at  pH  7.4,  about  69 
percent  of  the  nicotine  is  ionized  and  31  percent  nonionized.  Binding 
to  plasma  proteins  is  less  than  5  percent  (Benowitz,  Jacob  et  al. 
1982).  The  drug  is  distributed  extensively  to  body  tissues  with  a 
steady  state  volume  of  distribution  averaging  180  liters  (2.6  times 
body  weight  (in  kilograms))  (Table  3).  This  means  that  when  nicotine 
concentrations  have  fully  equilibrated,  the  amount  of  nicotine  in  the 
body  tissues  is  2.6  times  the  amount  predicted  by  the  product  of 
blood  concentration  and  body  weight.  The  pattern  of  tissue  uptake 
cannot  be  studied  in  humans,  but  it  has  been  examined  in  tissues  of 
rabbits  by  measuring  concentrations  of  nicotine  in  various  tissues 
after  infusion  of  nicotine  to  steady  state  (Table  4).  Spleen,  liver, 
lungs,  and  brsdn  have  high  affinity  for  nicotine,  whereas  the  affinity 
of  adipose  tissue  is  relatively  low. 

After  rapid  intravenous  (i.v.)  injection,  concentrations  of  nicotine 
decline  rapidly  because  of  tissue  uptake  of  the  drug.  Shortly  after  i.v. 
injection,  concentrations  in  arterial  blood,  lung,  and  brain  are  high, 
while  concentrations  in  tissues  such  as  muscle  and  adipose  (major 
storage  tissues  at  steady  state)  are  low.  The  consequence  of  this 
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TABLE  3. — Human  pharmacokinetics  of  nicotine  and 

cotinine 


Nicotine  Cotinine 

Half-life 

120  min                       18  hr 

Volume  of  distribution 

180  L                         88  L 

Total  clearance 

1,300  mL/min                 72  mL/min 

Renal  clearance 

200  mL/min                  12  mL/min 
(acid  urine) 

Nonrenal  clearance 

1,100  mL/min                60  mL/min 

SOURCE:  Average  values  based  on  data  from  Benowitz,  Jacob  et  al.  (1982)  and  Benowitz,  Kuyt  et  al.  (1983). 

TABLE  4. — Steady  state  distribution  of  nicotine 

Tissue 

Tissue  to  blood  ratio 

Blood 

1.0 

Brain 

3.0 

Heart 

3.7 

Muscle 

2.0 

Adipose 

0.5 

Kidney 

21.6 

Liver 

3.7 

Lung 

2.0 

Gastrointestinal 

3.6 

NOTE:  Tissue  to  blood  nicotine  concentration  ratios  based  on  24-hr  constant  i.v.  infusion  of  nicotine  in  rabbits. 
SOURCE:  Benowitz  (1986b). 


distribution  pattern  is  that  uptake  into  the  brain  is  rapid,  occurring 
within  1  or  2  min,  and  blood  levels  fall  because  of  peripheral  tissue 
uptake  for  20  or  30  min  after  administration.  Thereafter,  blood 

concentrations  decline  more  slowly,  as  determined  by  rates  of 
elimination  and  rates  of  distribution  out  of  storage  tissues. 

Rapid  nicotine  uptake  into  the  brain  has  been  demonstrated  in 
animal  studies.  Oldendorf  (1974)  showed  a  high  degree  of  nicotine 
uptake  from  blood  in  the  first  pass  through  the  bredns  of  rats. 
Schmiterlow  and  colleagues  (1967)  showed  by  autoradiographic 
techniques  that  high  levels  of  nicotine  were  present  in  the  brain  5 
min  after  i.v.  injections  in  mice  and  that  most  nicotine  had  been 


32 


cleared  from  the  brain  by  30  min.  Stalhandske  (1970)  showed  that 
intravenously  injected  ^^C-nicotine  is  immediately  taken  up  in  the 
brains  of  mice,  reaching  a  maximum  concentration  within  1  min 
after  injection.  Similar  findings  based  on  positron  emission  tomogra- 
phy of  the  brain  were  seen  after  injection  of  "C-nicotine  in  monkeys 
(Maziere  et  al.  1976). 

Nicotine  inhaled  in  tobacco  smoke  enters  the  blood  almost  as 
rapidly  as  after  rapid  i.v.  injection  except  that  the  entry  point  into 
the  circulation  is  pulmonary  rather  than  systemic  venous.  Because 
of  delivery  into  the  lung,  peak  nicotine  levels  may  be  higher  and  lag 
time  between  smoking  and  entry  into  the  brain  shorter  than  after 
i.v.  injection.  After  smoking,  the  action  of  nicotine  on  the  brain  is 
expected  to  occur  quickly.  Rapid  onset  of  effects  after  a  puff  is 
believed  to  provide  optimal  reinforcement  for  the  development  of 
drug  dependence.  The  effect  of  nicotine  declines  as  it  is  distributed  to 
other  tissues.  The  distribution  half-life,  which  describes  the  move- 
ment of  nicotine  from  the  blood  and  other  rapidly  perfused  tissues, 
such  as  the  brain,  to  other  body  tissues,  is  about  9  min  (Feyerabend 
et  al.  1985).  Distribution  kinetics,  rather  than  elimination  kinetics 
(half-life,  about  2  hr),  determine  the  time  course  of  central  nervous 
system  (CNS)  actions  of  nicotine  after  smoking  a  single  cigarette. 

Nicotine  is  secreted  into  saliva  (Russell  and  Feyerabend  1978). 
Passage  of  saliva  containing  nicotine  into  the  stomach,  combined 
with  the  trapping  of  nicotine  in  the  acidic  gastric  fluid  and 
reabsorption  from  the  small  bowel,  provides  a  potential  route  for 
enteric  nicotine  recirculation.  This  recirculation  may  account  for 
some  of  the  oscillations  in  the  terminal  decline  phase  of  nicotine 
blood  levels  after  i.v.  nicotine  infusion  or  cessation  of  smoking 
(Russell  1976). 

Nicotine  freely  crosses  the  placenta  and  has  been  found  in 
amniotic  fluid  and  the  umbilical  cord  blood  of  neonates  (Hibberd, 
O'Connor,  Gorrod  1978;  Luck  et  al.  1982;  Van  Vunakis,  Langone, 
Milunsky  1974).  Nicotine  is  found  in  breast  milk  and  the  breast  fluid 
of  nonlactating  women  (Petrakis  et  al.  1978;  Hill  and  Wynder  1979) 
and  in  cervical  mucous  secretions  (Sasson  et  al.  1985).  Nicotine  is 
also  found  in  the  freshly  shampooed  hair  of  smokers  and  of 
nonsmokers  environmentally  exposed  to  tobacco  smoke  (Haley  and 
Hoffmann  1985). 

Elimination  of  Nicotine 

Nicotine  is  extensively  metabolized,  primarily  in  the  liver,  but  also 
to  a  small  extent  in  the  lung  (Turner  et  al.  1975).  Renal  excretion  of 
unchanged  nicotine  depends  on  urinary  pH  and  urine  flow,  and  may 
range  from  2  to  35  percent,  but  typically  accounts  for  5  to  10  percent 
of  total  elimination  (Benowitz,  Ku}^  et  al.  1983;  Rosenberg  et  al. 
1980). 
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FIGURE  3. — Major  pathways  of  nicotine  metabolism 

Pathways  of  Nicotine  Metabolism 

The  primary  metaboUtes  of  nicotine  are  cotinine  and  nicotine-N'- 
oxide  (Figure  3).  Cotinine  is  formed  in  the  liver  in  a  two-step  process, 
the  first  of  which  involves  oxidation  of  position  5  of  the  pyrrolidine 
ring  in  a  cytochrome  P-450-mediated  process  to  nicotine-A^  'S  '-imini- 
um  ion  (Peterson,  Trevor,  Castagnoli  1987).  In  the  second  step  the 
iminium  ion  is  metabolized  by  a  cytoplasmic  aldehyde  oxidase  to 
cotinine  (Hibberd  and  Gorrod  1983). 

Cotinine  itself  is  also  extensively  metabolized,  with  only  about  17 
percent  excreted  unchanged  in  the  urine  (Benowitz,  Kuyt  et  al. 
1983).  Several  metabolites  of  cotinine  have  been  reported,  including 
tra7is-3'-hydroxycotinine  (McKennis,  Turnbull  et  al.  1963),  5'-hydrox- 
ycotinine  (Bowman  and  McKennis  1962),  cotinine-N-oxide  (Shulgin 
et  al.  1987),  and  cotinine  methonium  ion  (McKennis,  Turnbull, 
Bowman  1963)  (see  Figure  4).  Little  is  known  about  the  quantitative 
importance  of  these  metabolites.  T'mns-3'-hydroxycotinine  appears 
to  be  a  major  metabolite  (Jacob,  Benowitz,  Shulgin  1988;  Neurath  et 
al.  1987),  with  urinary  concentrations  exceeding  cotinine  concentra- 
tions by  twofold  to  threefold.  Cotinine  N-oxide  is  a  minor  metabolite 
in  humans,  accounting  for  approximately  3  percent  of  ingested 
nicotine  (Shulgin  et  al.  1987).  Subsequent  oxidative  degradation  of 
the  pyrrolidine  ring  gives  rise  to  3-pyridylacetic  acid.  This  compound 
has  been  identified  in  human  urine  (McKennis,  Schwartz,  Bowman 
1964),  but  no  quantitative  data  are  available. 
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X-  (3  -  PYRIDYL)  -y-OXO-N-METHYLBUTYRAMIDE 


NICOTINE  ISOMETHONIUM  ION 


COTININE  METHONIUM  ION 


FIGURE  4. — Structures  of  nicotine  and  its  msgor 
metabolites 

SOURCE:  F.  Jacob  III  (with  pertni^on). 


35 


Nicotine-l'-N-oxide  is  quantitatively  a  minor  metabolite  of  nic- 
otine. Oxidation  of  the  nitrogen  atom  of  the  pyrrolidine  ring  depends 
on  a  microsomal  flavoprotein  system  and  produces  a  mixture  of  the 
two  diasterisomers,  l'-(R)-2'-(S)-cis-  and  l'-(S)-2'-(SMra/is-nicotine-l'- 
N'-oxide  (Booth  and  Boyland  1970).  After  i.v.  injection,  100  percent  of 
nicotine-N'-oxide  is  excreted  unchanged  in  the  urine,  indicating  no 
further  metabolism  (Beckett,  Gorrod,  Jenner  1971a).  However,  after 
oral  administration  only  30  percent  is  recovered  in  the  urine  as 
nicotine-N'-oxide;  the  remainder  is  recovered  as  nicotine  and  its 
metabolites.  To  evaluate  the  possibility  of  reduction  of  nicotine-N'- 
oxide  in  the  gastrointestinal  tract,  rectal  administration  of  nicotine- 
N'-oxide  was  performed  for  experimental  purposes.  Less  than  10 
percent  was  recovered  in  the  urine  as  nicotine-N'-oxide  (Beckett, 
Gorrod,  Jenner  1970).  These  findings  indicate  reduction  of  nicotine- 
N'-oxide  back  to  nicotine  within  the  human  gastrointestinal  tract, 
believed  to  be  a  consequence  of  bacterial  action. 

Experiments  in  rats  indicate  that  significant  amounts  of  nicotine- 
N'-oxide  are  converted  to  nicotine  both  in  vitro  and  in  vivo  (Dajani, 
Gorrod,  Beckett  1975a,b).  Nicotine  and  cotinine  have  been  measured 
in  the  blood  of  rats  administered  nicotine-N,N'-dioxide  and  nicotine- 
N'-oxide  in  drinking  water  (Sepkovic  et  al.  1984,  1986).  Thus,  while 
reduction  of  nicotine-N'-oxide  to  nicotine  appears  to  be  bacterial  in 
humans,  it  may  be  mediated  by  endogenous  enzymes  in  other 
species. 

Quantitative  aspects  of  the  conversion  of  nicotine  to  its  metabo- 
lites have  not  been  well  defined.  Studies  of  cotinine  excretion  in 
urine  collected  for  24  hr  after  i.v.  nicotine  injection  indicate  less  than 
10  percent  of  nicotine  is  excreted  as  cotinine  in  nonsmokers 
compared  with  an  average  of  25  percent  in  smokers  (Beckett,  Gorrod, 
Jenner  1971b).  Another  study,  comparing  24-hr  urinary  excretion  of 
cotinine  with  nicotine  content  of  cigarette  butts  after  smoking, 
indicated  46  percent  recovery  as  cotinine  (Schievelbein  1982). 
However,  both  of  these  studies  underestimate  the  conversion  of 
nicotine  to  cotinine  because  the  urine  collection  period  was  too  short. 
In  cigarette  smokers,  cotinine  has  a  half-life  averaging  18  to  20  hr 
(Benowitz,  Ku)^  et  al.  1983),  so  that  in  24  hr  only  a  little  more  than 
half  of  cotinine  is  recovered.  Urine  collection  for  at  least  72  hr  is 
necessary  to  recover  more  than  90  percent  of  cotinine  in  most 
subjects.  In  addition,  since  only  17  percent  of  cotinine  is  excreted 
unchanged  (Benowitz,  Kuj^  et  al.  1983),  urinary  recovery  analysis 
underestimates  the  cotinine  generation  rate. 

At  steady  state,  the  rate  of  metabolite  excretion  reflects  the  rate  at 
which  the  metabolites  are  generated.  After  i.v.  dosing,  100  percent  of 
nicotine-N'-oxide  but  only  17  percent  of  cotinine  are  excreted 
unchanged  in  the  urine.  Based  on  a  ratio  of  urinary  cotinine  to 
nicotine-N'-oxide  of  2.9  and  based  on  excretion  of  that  17  percent  of 
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cotinine  and  100  percent  of  nicotine-N'-oxide  unchanged  in  the 
urine,  the  relative  generation  rate  of  cotinine  compared  with  that  of 
nicotine-N'-oxide  is  calculated  to  be  17  to  1  (Benowitz  1986b). 
Because  4  percent  of  nicotine  is  excreted  as  nicotine-N'-oxide  (Jacob 
et  al.  1986;  Beckett,  Gorrod,  Jenner  1971a),  about  70  percent  of 
nicotine  appears  to  be  converted  to  cotinine.  Quantitative  data  on 
other  metabolites  that  may  have  pharmacologic  activity,  such  as 
nicotine  isomethonium  ion  and  nornicotine,  are  not  available. 

Rate  of  Nicotine  Metabolism 

The  rate  of  nicotine  metabolism  can  be  determined  by  measuring 
blood  levels  after  administration  of  a  known  nicotine  dose.  In  one 
study,  cigarette  smokers  were  given  i.v.  infusions  of  nicotine  for  30  to 
60  min,  and  total  and  renal  clearances  were  computed  (Benowitz, 
Jacob  et  al.  1982).  Total  clearance  (a  term  which  describes  the 
capacitj'  to  eliminate  a  drug)  averaged  1,300  mL/min.  Nonrenal 
clearance  averaged  1,100  mL/min  (Table  3),  which  represents  about 
70  percent  of  liver  blood  flow.  Because  nicotine  is  metabolized 
mainly  by  the  liver  (data  in  animals  indicate  only  a  small  degree  of 
metabolism  by  the  lung)  (Turner,  Sillett,  McNicol  1977),  this  means 
that  about  70  percent  of  the  drug  is  extracted  from  the  blood  in  each 
pass  through  the  liver.  On  the  average,  86  or  90  percent  of  nicotine  is 
metabolized  by  the  liver. 

Renal  Excretion 

Nicotine  is  excreted  by  glomerular  filtration  and  tubular  secretion 
within  the  kidney.  Depending  on  urinary  pH  and  urine  flow  rate, 
variable  amounts  of  nicotine  are  reabsorbed  by  the  kidney  tubules. 
In  acidic  urine,  where  nicotine  is  mostly  ionized  and  tubular 
reabsorption  is  minimized,  renal  clearance  of  nicotine  may  be  as 
high  as  600  mL/min  (urinary  pH  4.4)  (Benowitz,  Kuyt  et  ad.  1983; 
Rosenberg  et  al.  1980).  In  alkaline  urine,  a  lai^er  fraction  of  nicotine 
is  not  ionized.  Tubular  reabsorption  of  nonionized  nicotine  results  in 
lower  rate  of  excretion  and  reduced  renal  clearances  as  low  as  17 
mL/min  (urine  pH  7.0).  When  urine  pH  is  uncontrolled,  averaging 
5.8,  renal  clearance  averages  about  100  mL/min,  accounting  for  the 
elimination  of  10  to  15  percent  of  the  daily  nicotine  intake. 

Nicotine  and  Cotinine  Blood  Levels  During  Tobacco  Use 

Nicotine  Levels 

Plasma  nicotine  concentrations  (or  concentrations  in  blood,  which 
are  similar)  sampled  in  the  afternoon  in  smokers  generally  range 
from  10  to  50  ng/ mL.  The  increment  in  blood  nicotine  concentration 
after  smoking  a  single  cigarette  ranges  from  5  to  30  ng/mL, 
depending  on  how  the  cigarette  is  smoked  (Armitage  et  al.  1975; 
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Herning  et  al.  1983;  Isaac  and  Rand  1972).  Peak  blood  levels  of 
nicotine  are  similar,  although  the  rate  of  nicotine  increase  is  slower 
for  cigar  smokers  and  snuff  and  chewing  tobacco  users  compared 
with  that  for  cigarette  smokers  (Armitage  et  al.  1978;  Turner,  Sillett, 
McNicol  1977;  Gritz  et  al.  1981;  Russell,  Raw,  Jarvis  1980;  Russell  et 
al.  1981)  (Figure  2).  Pipe  smokers,  particularly  those  who  have 
previously  smoked  cigarettes  and  who  inhale,  may  have  blood  and 
urine  levels  of  nicotine  as  high  as  those  of  cigarette  smokers 
(McCusker,  McNabb,  Bone  1982;  Turner,  Sillett,  McNicol  1977;  Wald 
et  al.  1984). 

The  earliest  published  studies  of  nicotine  elimination  kinetics 
reported  half-lives  of  20  to  40  min  (Armitage  et  al.  1975;  Isaac  and 
Rand  1972).  In  those  studies,  drug  blood  levels  were  followed  only  for 
30  to  60  min,  which  is  not  long  enough  to  determine  the  elimination 
half-life.  Thus,  half-lives  were  based  on  blood  levels  which  included 
the  distribution  phase.  When  blood  levels  are  followed  for  several 
hours  after  the  end  of  nicotine  infusion,  a  log-linear  decline  of  blood 
levels  with  a  half-life  of  about  2  hr  is  observed  (Benowitz,  Jacob  et  al. 
1982;  Feyerabend,  Ings,  Russell  1985). 

The  half-life  of  a  drug  is  useful  in  predicting  its  accumulation  rate 
in  the  body  with  repetitive  doses  and  the  time  course  of  its  decline 
after  cessation  of  d(^ing.  Assuming  a  half-life  of  2  hr,  one  would 
predict  nicotine  to  accumulate  over  6  to  8  hr  (3  to  4  half-lives)  of 
regular  smoking  and  persist  at  significant  nicotine  levels  for  6  to  8  hr 
after  cessation  of  smoking.  If  a  smoker  smokes  until  bedtime, 
significant  nicotine  levels  should  persist  all  night.  Studies  of  blood 
levels  in  regular  cigarette  smokers  confirm  these  predictions  (Figure 
5)  (Russell  and  Feyerabend  1978;  Benowitz,  Kuyt,  Jacob  1982).  Peaks 
and  troughs  follow  the  use  of  each  cigarette,  but  as  the  day 
progresses,  trough  levels  rise  and  the  influence  of  peak  levels 
becomes  less  important.  Thus,  nicotine  is  not  a  drug  to  which  people 
are  exposed  intermittently  and  that  is  eliminated  rapidly  from  the 
body.  To  the  contrary,  smoking  represents  a  multiple  dosing 
situation  with  considerable  accumulation  during  smoking  and  with 
persistent  levels  for  24  hr  of  each  day. 

Cotinine  Levels 

CJotinine  levels  are  of  particular  interest  as  qualitative  markers  of 
tobacco  use  and  quantitative  indicators  of  nicotine  intake.  Cotinine 
is  present  in  the  blood  of  smokers  in  much  higher  concentrations 
than  nicotine.  Cotinine  blood  levels  average  about  250  to  300  ng/mL 
in  groups  of  cigarette  smokers  (Benowitz,  Hall  et  al.  1983;  Haley, 
Axelrad,  Tilton  1983;  Langone,  Van  Vunakis,  Hill  1975;  Zeidenberg 
et  al.  1977).  After  stopping  smoking,  levels  decline  with  a  half-life 
averaging  18  to  20  hr  (range  11  to  37  hr).  But  because  of  the  long 
half-life,  there  is  much  less  fluctuation  in  cotinine  concentrations 
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Clock  time 


FIGURE  5. — Blood  nicotine  and  carboxyhemoglobin 
concentrations  in  subjects  smoking  high 
nicotine  (2.5  mg)  and  low  nicotine  (0.4  mg) 
Kentucky  reference  cigarettes  and  their  usual 
brand  (average  nicotine  yield,  1.2  mg)  of 
cigarettes 

NOTE:  Subjects  smoked  on  a  fixed  schedule  of  1  cigarette  evet  y  half  hour  from  8:30  a.m.  to  11:00  p.m.,  for  a  total 
of  30  cigarettes/day;  blood  samples  were  collected  just  before  the  next  scheduled  cigarette. 
SOURCE:  Benowitz,  Kuyt.  Jacob  (1982). 
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throughout  the  day  than  in  nicotinie  concentrations.  As  expected, 
there  is  a  gradual  increase  in  cotinine  levels  during  the  day,  peaking 
at  the  end  of  smoking  £ind  persisting  in  high  concentrations 
overnight. 

Intake  of  Nicotine 

Cigarette  Smoking 

Nicotine  intake  from  single  cigarettes  has  been  measured  by 
spiking  cigarettes  with  ^^C-labeled  nicotine  (Armitage  et  al.  1975). 
That  study  of  eight  subjects,  each  smoking  a  single  filter-tipped 
cigarette,  indicated  an  intake  range  of  0.36  to  2.62  mg.  Intake  was 
higher  in  smokers  than  in  nonsmokers.  Intake  of  nicotine  from 
smoking  a  single  cigarette  or  with  daily  cigarette  smoking  has  been 
estimated  by  methods  similar  to  those  used  in  drug  bioavailability 
studies  (Benowitz  and  Jacob  1984;  Feyerabend,  Ings,  Russell  1986). 
Metabolic  clearance  of  nicotine  was  determined  after  i.v.  injectioh. 
Metabolic  clearance  data  were  then  used  in  conjunction  with  blood 
and  urinary  concentrations  of  nicotine  measured  during  a  period  of 
smoking  to  determine  the  intake  of  nicotine.  In  five  subjects,  average 
intake  of  nicotine  per  cigarette  was  1.06  mg  (range,  0.58  to  1.49  mg) 
(Feyerabend,  Ings,  Russell  1985).  In  22  cigarette  smokers,  13  men 
and  9  women  who  smoked  an  avers^e  of  36  cigarettes/day  (range  20 
to  62),  the  average  daily  intake  was  37.6  mg,  with  a  range  from  10.5 
to  78.6  mg  (Benowitz  and  Jacob  1984).  Nicotine  intake  per  cigarette 
averaged  1.0  mg  (range  0.37  to  1.56  mg).  Intake  per  cigarette  did  not 
correlate  with  yields  obtained  by  smoking  machine  using  standard 
Federal  Trade  Conmiission  methods.  This  is  because  smoking 
machines  smoke  cigarettes  in  a  uniform  way,  using  a  fixed  puff 
volume  (35  mL),  flow  rate  (over  2  sec),  and  interval  (every  minute). 
Smokers  smoke  cigarettes  differently,  changing  their  puffing  behav- 
ior to  obtain  the  desired  amount  of  tobacco  smoke  and  nicotine. 

Elimination  Rate  as  a  Determinant  of  Nicotine  Intake  by 
Cigarette  Smoking 

There  is  considerable  evidence  that  smokers  adjust  their  smoking 
behavior  to  try  to  regulate  or  maintain  a  particular  level  of  nicotine 
in  the  body  (Gritz  1980;  Russell  1976).  For  example,  when  the 
availability  of  cigarettes  is  restricted,  habitual  smokers  can  increase 
intake  of  nicotine  per  cigarette  300  percent  compared  with  the 
intake  of  unrestricted  smoking  (Benowitz,  Jacob,  Koslowski  et  al. 
1986). 

Techniques  for  measuring  daily  intake  of  nicotine  (Benowitz  and 
Jacob  1984)  have  been  applied  to  study  the  influence  of  elimination 
on  nicotine  intake.  The  rate  of  renal  elimination  of  nicotine  was 
manipulated  by  administration  of  ammonium  chloride  or  sodium 
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bicarbonate  to  acidify  or  alkalinize  the  urine,  respectively  (Beno^yitz 
and  Jacob  1985).  Compared  with  daily  excretion  during  placebo 
treatment  (3.9  mg  nicotine/day),  acid  loading  increased  (to  12 
mg/day)  and  alkaline  loading  decreased  (to  0.9  mg/day)  daily 
excretion  of  nicotine.  The  total  intake  of  nicotine  averaged  38 
mg/day.  Average  blood  nicotine  concentrations  were  similar  in 
placebo  and  bicarbonate  treatment  conditions  but  were  15  percent 
lower  during  ammonium  chloride  treatment.  Daily  intake  of  nicotine 
was  18  percent  higher  during  acid  loading,  indicating  compensation 
for  increased  urinary  loss.  The  compensatory  increase  in  nicotine 
consumption  was  only  partial,  replacing  about  half  of  the  excess 
urinary  nicotine  loss.  Bicarbonate  treatment  had  no  effect  on 
nicotine  consumption^  consistent  with  the  small  magnitude  of  effect 
on  excretions  of  nicotine  in  comparison  to  total  daily  intake. 

These  results  seem  compatible  with  the  suggestion  of  Schachter 
(1978)  that  emotional  stress,  which  results  in  more  acidic  urine, 
might  accelerate  nicotine  elimination  from  the  body  and  thereby 
increase  cigarette  smoking-  But  caution  must  be  exercised  in 
appljdng  these  findings  to  usual  smoking  situations.  These  studies 
were  performed  under  conditions  of  extreme  urinary  acidification  or 
alkalinization,  so  that  the  changes  in  renal  clearance  would  be 
maximized.  Eyen  with  extreme  differences  in  urinary  pH,  differ- 
ences in  overall  nicotine  elimination  rate  and  smoking  behavior 
were  modest.  This  is  because  renal  excretion  is  a  minor  pathway  for 
elimination  of  nicotine;  most  is  metabolized.  Smaller  changes  in 
urinary  pH,  such  as  occur  spontaneously  throughout  the  day  or  that 
might  be  related  to  stressful  events,  would  not  be  expected  to 
substantially  influence  nicotine  elimination  or  smoking  behavior. 

Biochemical  Markers  of  Nicotine  Intake 

Absorption  of  nicotine  from  tobacco  smoke  provides  a  means  of 
verification  and  quantitation  of  tobacco  consumption.  The  general 
strategy  is  to  measure  concentrations  of  nicotine,  its  metabolites 
(such  as  cotinine),  or  other  chemicals  associated  with  tobacco  smoke 
in  biological  fluids  such  as  blood,  urine,  or  saliva.  Different  measures 
vary  in  sensitivity,  specificity,  and  difficulty  of  analysis.  Different  • 
investigators  have  used  blood  or  urinary  nicotine  concentrations, 
blood  or  salivary  or  urinary  cotinine  concentrations,  expired  carbon 
monoxide  or  carboxyhemoglobin  concentrations,  or  plasma  or  sali- 
vary thiocyanate  (a  metabolite  of  hydrogen  cyanide,  a  vapor  phase 
constituent)  concentrations  as  measures  of  tobacco  smoke  consump- 
tion. 

Relationships  among  daily  intake  of  nicotine,  daily  exposure  to 
nicotine  (that  is,  blood  concentrations  of  nicotine  integrated  over  24 
hr),  various  parameters  of  cigarette  consumption,  and  different 
measures  of  nicotine  intake  have  been  examined  experimentally 
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during  ad  libitum  cigarette  smoking  on  a  research  ward  (Benowitz 
and  Jacob  1984).  The  best  biochemical  correlate  to  nicotine  intake 
and  exposure  in  this  study  was  a  random  blood  nicotine  concentra- 
tion measured  at  4  p.m.  This  level  did  not  depend  on  when  the  last 
cigarette  was  smoked.  This  finding  is  consistent  with  the  observation 
that  nicotine  levels  accumulate  throughout  the  day  and  plateau  in 
the  early  afternoon  (see  Figure  5).  At  steady  state,  with  regular 
smoking  throughout  the  day,  there  should  be  a  reasonably  good 
correlation  between  nicotine  concentrations  and  daily  intake.  Car- 
boxyhemoglobin  (COHb)  concentrations  in  the  afternoon  were  the 
next  best  markers  of  nicotine  intake.  Also,  morning  (8  a.m.)  levels  of 
nicotine  and  COHb  correlated  with  intake,  presumably  reflecting 
persistence  of  nicotine  and  COHb  in  the  blood  from  exposure  on  the 
previous  day. 

Although  cotinine  is  a  highly  specific  marker  for  nicotine  expo- 
sure, blood  levels  of  cotinine  across  subjects  in  this  study  did  not 
correlate  as  closely  with  nicotine  intake  as  did  blood  levels  of 
nicotine  or  COHb  (Benowitz  and  Jacob  1984).  This  is  probably  due  to 
individual  variability  in  fractional  conversion  of  nicotine  to  cotinine 
and  in  the  elimination  rate  of  cotinine  itself. 

Because  of  its  relatively  long  half-life,  cotinine  levels  are  less 
sensitive  than  nicotine  levels  to  smoking  pattern,  that  is,  when  the 
last  cigarette  was  smoked.  For  longitudinal  within-subject  studies, 
the  cotinine  level  would  be  expected  to  be  a  good  marker  of  changes 
in  nicotine  intake.  Cotinine  measurements  have  become  the  most 
widely  accepted  method  for  assessing  the  intake  of  nicotine  in  long- 
term  studies  of  tobacco  use  (see  also  Chapter  V). 

As  expected  by  the  known  variation  in  renal  clearance  due  to 
effects  of  urinary  flow  and  pH,  urinary  concentrations  of  nicotine  did 
not  correlate  well  with  nicotine  intake  (Benowitz  and  Jacob  1984).  In 
contrast,  urinary  cotinine,  which  is  less  influenced  by  urinary  flow 
or  pH,  was  as  good  a  marker  as  blood  cotinine  concentration. 
Salivary  and  urinary  cotinine  concentrations  correlate  well  (r=0.8 
to  0.9)  with  blood  cotinine  concentrations  (Haley,  Axelrad,  Tilton 
1983;  Jarvis  et  al.  1984).  Therefore,  salivary  or  urine  cotinine 
concentrations  should  be  almost  as  useful  as  blood  levels  in 
indicating  nicotine  intake. 

Analytical  Methods  for  Measuring  Nicotine  and  Cotinine  in 
Biological  Fluids 

Determination  of  nicotine  concentrations  in  biological  fluids 
requires  a  sensitive  and  specific  method,  because  concentrations  of 
nicotine  in  smokers'  blood  are  generally  in  the  low  nanogram  per 
milliliter  range  and  a  number  of  metabolites  are  also  present. 
Cotinine  concentrations  in  blood  are  generally  about  tenfold  greater 
than  nicotine  concentrations,  and  as  a  result,  less  sensitive  analyti- 
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cal  methodology  may  be  acceptable.  Methods  with  adequate  sensitiv- 
ity for  determination  of  nicotine  and  cotinine  in  smokers'  blood 
include  gas  chromatography  (GC)  (Curvall,  Kazemi-Vala,  Enzell 
1982;  Davis  1986;  Feyerabend,  Levitt,  Russell  1975;  Hengen  and 
Hengen  1978;  Jacob,  Wilson,  Benowitz  1981;  Vereby,  DePace,  Mule 
1982),  radioimmunoassay  (RIA)  (Langone,  Gjika,  Van  Vunakis  1973; 
Castro  et  al.  1979;  Knight  et  al.  1985),  enzyme-linked  immunosorbent 
assay  (ELISA)  (Bjercke  et  al.  1986),  high  performance  liquid  chroma- 
tography (HPLC)  (Machacek  and  Jiang  1986;  Chien,  Diana,  Crooks, 
in  press),  and  combined  gas  chromatograph-mass  spectrometry  (GC- 
MS)  (Dow  and  Hall  1978;  Gruenke  et  al.  1979;  Jones  et  al.  1982; 
Daenens  et  al.  1985).  For  reasons  of  sensitivity,  specificity,  and 
economy,  GC  and  RIA  are  the  most  frequently  used  methods.  GC-MS 
is  a  highly  sensitive  and  specific  technique,  but  the  expense  has 
discouraged  its  routine  use.  HPLC  is  less  sensitive  than  GC  for 
nicotine  and  cotinine  determination.  Although  recently  reported 
methods  (Machacek  and  Jiang  1986;  Chien,  Diana,  Crooks,  in  press) 
appear  to  have  adequate  sensitivity  for  determining  concentrations 
in  plasma,  relatively  large  sample  volumes  are  required.  Concentra- 
tions of  nicotine  and  cotinine  in  urine  are  tenfold  to  hundredfold 
greater  than  concentrations  in  plasma  or  saliva  (Jarvis  et  al.  1984), 
and  a  variety  of  chromatographic  and  immunoassay  techniques  meet 
sensitivity  requirements. 

The  choice  of  a  particular  method  depends  on  the  biological  fluid 
to  be  assayed;  the  need  for  sensitivity,  precision,  and  accuracy;  and 
economic  considerations.  Chromatographic  methods,  particularly 
those  utilizing  high-resolution  capillary  columns  and  specific  detec- 
tors such  as  nitrogen-phosphorus  detectors  or  a  mass  spectrometer, 
provide  the  greatest  specificity.  On  the  other  hand,  immunoassay 
techniques  are  operationally  simpler,  generally  require  smaller 
samples,  and  may  be  less  expensive  than  chromatographic  methods. 
A  drawback  to  immunoassay  methods  is  the  potential  for  cross- 
reactivity  of  the  antibody  with  metabolites  or  endogenous  sub- 
stances. There  is  generally  a  good  correlation  between  results 
obtained  by  GC  and  RIA  for  plasma  cotinine  concentrations  (r=0.94) 
(Gritz  et  al.  1981;  Biber  et  al.  1987).  In  an  interlaboratory  comparison 
study  (Biber  et  al.  1987),  cotinine  concentrations  in  smokers'  urine 
measured  by  RIA  were  generally  higher  than  concentrations  deter- 
mined by  GC,  whereas  in  nonsmokers'  urine  spiked  with  cotinine 
RIA  and  GC  values  were  similar.  These  results  suggest  that  nicotine 
metabolites  cross-react  with  the  antibody  against  cotinine,  at  least  in 
some  of  the  RIA  methods. 

Pharmacpclynamics  of  Nicotine 

General  Gonsiderations 

This  Section  will  focus  on  the  relationship  between  nicotine  levels 
in  the  body  and  their  effects  on  behavior  and  physiological  function 


43 


(pharmacodynamics).  These  data  show  how  pharmacodsoiamic  fac- 
tors determme  some  of  the  consequences  of  cigarette  smoking.  Two 
issues  are  particularly  relevant  in  understanding  the  pharmacody- 
namics of  nicotine:  a  complex  dose-response  relationship  and  the 
level  of  tolerance  that  is  either  preexisting  or  is  produced  by 
administration  of  nicotine. 

Dose-Response 

The  relationship  between  the  dose  of  nicotine  and  the  resulting 
response  (dose-response  relationship)  is  complex  and  varies  with  the 
specific  response  that  is  measured.  In  pharmacology  textbooks, 
nicotine  is  commonly  mentioned  as  an  example  of  a  drug  which  in 
low  doses  causes  ganglionic  stimulation  and  in  high  doses  causes 
ganglionic  blockade  following  brief  stimulation  (Comroe  1960).  This 
type  of  effect  pattern  is  referred  to  as  "biphasic."  Dose-response 
characteristics  in  functioning  organisms  (in  vivo)  are  often  biphasic 
as  well,  although  the  mechanisms  are  far  more  complex.  For 
example,  at  very  low  doses,  similar  to  those  seen  during  cigarette 
smoking,  cardiovascular  effects  appear  to  be  mediated  by  the  CNS, 
either  throi^h  activation  of  chemoreceptor  afferent  pathways  or  by 
direct  effects  on  the  brain  stem  (Comroe  1960;  Su  1982).  The  net 
result  is  sympathetic  neural  discharge  with  an  increase  in  blood 
pressure  and  heart  rate.  At  higher  doses,  nicotine  may  act  directly 
on  the  peripheral  nervous  system,  producing  ganglionic  stimulation 
and  the  release  of  adrenal  catecholamines.  With  high  doses  or  rapid 
administration,  nicotine  produces  hypotension  and  slowing  of  heart 
rate,  mediated  either  by  peripheral  vagal  activation  or  by  direct 
central  depressor  effects  (Ingenito,  Barrett,  Procita  1972;  Porsius 
and  Van  Zwieten  1978;  Henningfield,  Miyasato,  Jasinski  1985). 

Tolerance 

A  second  pharmacologic  issue  of  importance  is  development  of 
tolerance;  that  is,  after  repeated  doses,  a  given  dose  of  a  drug 
produces  less  effect  or  increasing  doses  are  required  to  achieve  a 
specified  intensity  of  response.  Functional  or  pharmacodynamic 
tolerance  can  be  further  defined  as  where  a  particular  drug 
concentration  at  a  receptor  site  (in  humans  approximated  by  the 
concentration  in  blood)  produces  less  effect  than  it  did  after  a  prior 
exposure.  Dispositional  or  pharmacokinetic  tolerance  refers  to 
accelerated  drug  elimination  as  a  mechanism  for  diminished  effect 
after  repeated  doses  of  a  drug.  Behavioral  tolerance  refers  to 
compensatory  behaviors  that  reduce  the  impact  of  a  drug  to 
adversely  affect  performance.  Such  tolerance  can  occur  following 
intermittent  exposures  to  a  drug  such  that  there  is  minimal 
development  of  functional  or  dispositional  tolerance. 
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Most  studies  of  drug  tolerance  have  focused  on  tolerance  which 
develops  as  a  drug  is  chronicsdly  administered.  If  the  tolerance 
develops  within  one  or  two  doses,  it  is  referred  to  as  acute  tolerance 
or  tachyphylaxis.  If  tolerance  develops  after  more  prolonged  use,  the 
tolerance  is  referred  to  as  acquired  or  chronic  tolerance.  Individual 
differences  in  sensitivity  to  the  first  dose  of  a  drug  also  frequently 
exist.  Those  individuals  who  exhibit  a  reduced  response  to  a  specified 
drug  dose  or  require  a  greater  dose  to  elicit  a  specified  level  of 
response  are  said  to  be  tolerant  to  the  drug.  This  form  of  tolerance  is 
referred  to  as  first-dose  tolerance,  drug  sensitivity,  or  innate  drug 
responsiveness.  For  sake  of  clarity,  this  Report  will  reserve  the  term 
tolerance  to  describe  reduction  in  the  response  to  nicotine  during  the 
course  of  or  following  a  previous  exposure  and  will  use  acute  drug 
sensitivity  to  describe  responsiveness  to  an  initial  dose. 

Studies  of  tolerance  to  nicotine  began  in  the  late  19th  century.  In  a 
series  of  studies  of  fundamental  importance  to  the  understanding  of 
the  nervous  system,  as  well  as  to  understanding  the  pharmacology  of 
nicotine,  Langley  (1905)  and  Dixon  and  Lee  (1912)  studied  the  effects 
of  repeated  nicotine  administration  on  a  variety  of  animal  species 
and  on  in  vitro  tissue  preparations.  Several  findings  emerged  which 
have  been  widely  verified  and  extended  to  other  specie  and 
responses.  These  include:  (1)  With  repeated  dosing,  responses  dimin- 
ished to  nearly  negligible  levels;  (2)  After  tolerance  occurred, 
responsiveness  could  be  restored  by  increasing  the  size  of  the  dose;  (3) 
After  a  few  hours  without  nicotine,  responsiveness  was  partially  or 
fully  restored. 

After  smoking  a  cigarette,  people  who  have  not  smoked  before 
("naive  smokers")  usually  experience  a  number  of  effects  that 
become  generally  uncommon  among  experienced  smokers.  For 
example,  retrospective  reports  by  smokers  indicate  that  initial 
exposure  to  tobacco  smoke  produced  dizziness,  nausea,  vomiting, 
headaches,  and  dysphoria,  effects  that  disappear  with  continued 
smoking  and  are  rarely  reported  by  chronic  smokers  (Russell  1976; 
Gritz  1980).  Tolerance  may  also  develop  to  toxic  effects,  such  as 
nausea,  vomiting,  and  pallor,  during  the  course  of  nicotine  poisoning, 
despite  persistence  of  nicotine  in  the  blood  in  extremely  high 
concentrations  (200  to  300  ng/mL)  (Benowitz,  Lake  et  al.  1987). 

A  systematic  analysis  of  the  various  forms  of  tobacco  smoke 
tolerance  has  not  been  carried  out.  There  are  a  few  studies 
comparing  the  effects  elicited  by  an  acute  exposure  to  tobacco  in 
nonsmokers  and  smokers.  Clark  and  Rand  (1968)  studied  the  effect  of 
smoking  cigarettes  of  varymg  nicotine  content  on  the  knee-jerk 
reflex  and  reported  that  high-nicotine  cigarettes  suppressed  this 
reflex  to  a  greater  degree  than  did  low-nicotine  cigarettes.  This  effect 
was  more  pronounced  at  each  nicotine  dose  in  nonsmokers  and  light 
smokers  compared  to  heavy  smokers.  These  findings  suggested  that 
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tolerance  is  due  to  altered  sensitivity  to  nicotine.  Tolerance  to 
nicotine  is  not  complete  because  even  the  heaviest  smokers  experi- 
ence symptoms  such  as  dizziness,  nausea,  and  dysphoria  when  they 
suddenly  increase  their  smoking  rates  (Danaher  1977).  Evidence 
indicates  that  the  majority  of  the  psychological  actions  of  tobacco 
smoke  result  from  nicotine  (Russell  1976;  Chapter  VII).  Thus,  most  of 
the  tolerance  to  effects  of  tobacco  smoke  that  occurs  following 
chronic  tobacco  use  is  due  to  the  development  of  tolerance  to 
nicotine. 

Acute  Sensitivity 
Human  Studies 

Studies  which  have  indicated  that  individuals  differ  in  response  to 
tobacco  smoke  or  nicotine  have  used  smokers  as  the  experimental 
subjects.  Consequently,  whether  individual  differences  are  due  to 
differences  in  acute  sensitivity  to  nicotine  that  have  persisted  during 
chronic  tobacco  use  or  are  due  to  differences  in  the  development  of 
tolerance  is  unknown. 

Nesbitt  (1973)  and  Jones  (1986)  noted  that  individual  smokers 
differ  with  respect  to  the  effects  of  smoking  a  standard  cigarette  on 
heart  rate,  but  it  is  not  clear  from  these  studies  whether  these 
differences  in  responsiveness  are  due  to  differences  in  sensitivity  to 
nicotine  or  to  differences  in  the  dose  and  kinetics  of  nicotine. 
Benowitz  and  colleagues  (1982)  observed  individual  differences  in  the 
effects  of  i.v.  injections  of  nicotine  on  heart  rate,  blood  pressure,  and 
fingertip  skin  temperature.  Differences  were  not  explained  by 
differences  in  blood  levels,  indicating  differential  sensitivity  to 
nicotine. 

Animal  Studies 

Studies  using  laboratory  animals  indicate  that  differences  in  acute 
sensitivity  to  nicotine  exist.  Inbred  rat  and  mouse  strains  differ  in 
sensitivity  to  the  effects  of  nicotine  on  locomotor  activity  (Garg  1969; 
Battig  et  al.  1976;  Schlatter  and  Battig  1979;  Hatchell  and  Collins 
1980;  Marks,  Burch,  Collins  1983b).  Mouse  strains  also  differ  in  the 
direction  of  the  effect  (increased  or  decreased  activity).  The  mouse 
strains  that  differ  in  sensitivity  to  the  effects  of  injected  nicotine  on 
locomotor  activity  also  differ  in  the  magnitude  of  response  to  a 
standard  dose  of  tobacco  smoke  (Baer,  McCiearn,  Wilson  1980). 
Inbred  mouse  strains  also  differ  in  sensitivity  to  the  effects  of 
nicotine  on  body  temperature,  heart  rate,  and  acoustic  startle 
response  (Marks,  Burch,  Collins  1983a;  Marks  et  al.  1985,  1986),  as 
well  as  in  sensitivity  to  nicotine-induced  seizures  (Tepper,  Wilson, 
Schlesinger  1979;  Miner,  Marks,  Collins  1984,  1986).  These  findings 
indicate  that  genetic  factors  may  influence  the  sensitivity  of  rats  and 
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mice  to  the  first  dose  of  nicotine.  The  importance  of  genetically 
determined  differences  in  human  sensitivity  to  the  effects  of  nicotine 
administered  in  tobacco  smoke  ,  remains  to  be  determined. 

Mechanisms  of  Differences  in  Acute  Sensitivity 

Differences  between  inbred  mouse  and  rat  strains  in  sensitivity  to 
the  effects  elicited  by  a  single  injected  dose  of  nicotine  do  not  appear 
to  result  from  differences  in  rate  of  nicotine  metabolism  (Petersen, 
Norris,  Thompson  1984)  or  from  differences  in  brain  nicotine 
concentration  following  intraperitoneal  injection  (Hatchell  and 
Collins  1980;  Rosecrans  1972;  Rosecrans  and  Schechter  1972).  Thus, 
rat  and  mouse  strains  differ  in  tissue  sensitivity  to  the  effects  of 
nicotine.  Differences  among  mouse  strains  in  sensitivity  to  nicotine 
do  not  appear  to  be  due  to  differences  in  the  number  or  affinity  of 
brain  nicotine  receptors  that  are  measured  via  the  binding  of  ^H- 
nicotine  (Marks,  Burch,  Collins,  1983b).  Mouse  stocks  that  are  more 
sensitive  to  nicotine-induced  seizures  do  have  greater  numbers  of 
hippocampal  nicotine  receptors  that  bind  ^^^I-bungarotoxin  (BTX) 
(Miner,  Marks,  Collins  1984,  1986).  Some  of  the  differences  in 
sensitivity  to  nicotine  between  genetically  defined  stocks  of  animals 
niay  be  related  to  differences  in  the  number  of  nicotine  receptors  in 
specific  regions  of  the  brain. 

Tachyphylaxis  (Acute  Tolerance) 

Human  Studies 

Systematic  studies  of  tachyphylaxis  or  acute  tolerance  to  effects  of 
tobacco  in  nonsmokers  have  not  been  reported.  There  is  evidence 
that  tachyphylaxis  does  develop  to  effects  of  tobacco  and  nicotine  in 
humans.  Smokers  frequently  report  that  the  first  cigarette  of  the  day 
is  the  best  and  that  subsequent  cigarettes  are  "tasteless"  (Russell 
1976;  Henningfield  1984).  Smoking  a  single  standard  cigarette  after 
24  hr  of  abstinence  increases  heart  rate,  whereas  smoking  an 
identical  cigarette  during  the  course  of  a  normal  day  fails  to  change 
heart  rate  (West  and  Russell  1987).  Fewer  standard  puffs  were 
required  to  produce  nausea  at  the  beginning  of  the  day  (following  8 
to  10  hr  of  tobacco  abstinence)  or  from  high-nicotine  cigarettes  than 
at  the  end  of  the  day  or  from  low-nicotine  cigarettes  (Henningfield 
1984).  Complete  tolerance  to  nausea  and  vomiting  developed  over  8 
hr  in  a  woman  in  the  course  of  an  accidental  nicotine  poisoning, 
despite  persistently  toxic  blood  levels  of  nicotine  (Benowitz,  Lake  et 
al.  1987).  These  findings  suggest  that  tolerance  which  is  lost  and 
regained  during  short  periods  of  abstinence  from  tobacco  is  tolerance 
to  nicotine. 

Tolerance  develops  very  rapidly  to  several  effects  of  nicotine. 
Rosenberg  and  colleagues  (1980)  studied  the  effects  of  i.v.  nicotine 
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injeqtions  on  arousal  level,  heart  rate,  and  blood  pressure.  In  these 
experiments,  six  healthy  smokers,  21  to  35  years  of  age,  received  six 
series  of  nicotine  injections  spaced  30  min  apart.  Each  series  of 
injections  consisted  of  10  2-n-g/kg  injections  spaced  1  min  apart. 
Subjects  reported  a  pleasant  sensation  after  the  first  series  of 
injections,  but  this  response  was  not  observed  thereafter.  Heart  rate 
and  blood  pressure  values  remained  above  baseline,  but  there  was 
little  increment  with  successive  injections,  despite  nicotine  blood 
level  increases  which  were  similar  to  those  observed  after  the  first 
series  of  injections.  In  contrast,  skin  temperature  fell  progressively 
during  the  period  of  nicotine  dosing,  gradually  returning  to  baseline 
at  the  end  of  the  study.  These  data  indicated  rapid  development  of 
tolerance  to  subjective  effects  and  heart  rate  and  blood  pressure 
responses,  but  tolerance  was  not  complete  because  heart  rate  and 
blood  pressure  remained  above  baseline.  Henningfield  (1984)  also 
assessed  subjective  responses  of  human  subjects  after  i. v.  injections 
with  nicotine  at  lOrmin  intervals.  The  subjective  response  of  "liking" 
the  effects  of  nicotine  was  lost  after  five  or  six  injections.  Benowitz 
and  coworkers  (1982)  studied  the  effect  of  a  30-min  infusion  of 
nicotine  at  a  rate  of  1  to  2  fxg/kg/min.  Shortly  after  initiation  of 
infusion,  heart  rate  and  blood  pressure  increased,  but  the  increase 
did  not  continue  even  though  plasma  nicotine  concentrations 
continued  to  rise  during  the  continuous  infusion.  Maximal  cardiovas- 
cular changes  were  seen  within  5  to  10  min,  whereas  maximsd 
plasma  nicotine  levels  were  not  reached  until  30  min.  These  findings 
indicate  that  tachyphylaxis  to  the  effects  of  nicotine  may  develop  in 
humans  within  5  to  10  min,  the  time  required  to  smoke  one  cigarette. 
In  contrast  to  heart  rate,  skin  temperature  (reflecting  cutaneous 
vascular  tone)  declined  and  rose  in  association  with  changes  in  blood 
nicotine  concentrations,  showing  no  evidence  of  tolerance. 

The  above  studies  indicate  rapid  development  of  tolerance  to  some 
(but  not  all)  actions  of  nicotine  in  people.  These  studies  were 
performed  with  cigarette  smokers  who  had  abstained  from  smoking 
the  night  before  the  study.  Since  significant  quantities  of  nicotine 
persist  in  the  body  even  after  overnight  abstinence,  there  is  probably 
some  persistence  of  tolerance.  Experimental  data  supporting  this 
conclusion  were  obtained  in  a  study  of  cardiovascular  responses  to 
infused  nicotine  in  smokers  following  either  an  overnight  or  7-day 
tobacco  abstinence  (Lee,  Benowitz,  Jacob  1987).  Heart  rate  and  blood 
pressure  responses  were  significantly  greater  after  more  prolonged 
abstinence.  However,  within  60  to  90  min,  the  blood  concentra- 
tion-effect relationship  in  subjects  after  brief  abstinence  approxi- 
mated that  observed  after  prolonged  abstinence.  Thus,  a  significant 
level  of  tolerance  persists  throughout  the  daily  smoking  cycle,  but  is 
lost  with  prolonged  abstinence.  Tolerance,  at  legist  after  abstinence 
for  one  week,  is  rapidly  reestablished  with  subsequent  exposure. 
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Animal  Studies 

Many  studies  demonstrate  that  acute  tolerance  or  tachyphylaxis 
develops  very  quickly  to  actions  of  nicotine.  Barrass  and  coworkers 
(1969)  demonstrated  that  pretreatment  of  mice  with  a  single  i.v.  dose 
(0.8  mg/kg)  of  nicotine  resulted  in  an  increase  in  the  LD50  (dose 
which  is  lethal  to  50  percent  of  animals)  for  nicotine.  Maximal 
protection  was  seen  5  min  after  the  injection,  but  this  protection 
diminished  steadily  over  the  next  hour.  Tachyphylaxis  develops  to 
the  effects  of  nicotine. on  locomotor  activity.  Stolerman,  Bunker,  and 
Jarvik  (1974)  noted  that  pretreating  rats  with  a  0.75-mg/kg  dose  of 
nicotine  2  hr  before  challenge  doses  of  nicotine  (0.25  to  4.0  mg/kg) 
resulted  in  a  shift  of  the  nicotine  dose-response  curves,  indicating 
reduced  sensitivity.  The  ED50  values  (doses  that  are  effective  in 
producing  the  measured  response  in  50  percent  of  animals)  for 
nicotine-induced  decreases  in.  locomotor  activity  were  nearly  2.4-fold 
greater  in  nicotine-pretreated  rats  than  in  saline-pretreated  animals. 
Nicotine  pretreatment  also  results  in  tachyphylaxis  to  the  effects  of 
nicotine  on  body  temperature  (h5T)othermia)  in  cats  (Hall  1972), 
water-reinforced  operant  responding  in  rats  (Stitzer,  Morrison, 
Domino  1970),  discharge  of  lateral  geniculate  neurons  of  cats 
(Roppolo,  Kawamurai  Dbminp  1970),  repolarization  of  sartorius 
muscle  in  frogs  (Hancock  and  Henderson  1972),  blood  pressure 
elevation  in  rats  (Wenzel,  Azmeh,  Clark  1971),  contraction  of  aortic 
strips  in  rabbits  (Shibata,  Hattori,  Sanders  1971),  respiratory  stimu- 
lation in  cats  (McCarthy  and  Borison  1972),  and  gastrointestinal 
contraction  in  squid  (Wood  1969)  and  guinea  pigs  (Hobbiger,  Mitchel- 
son,  Rand  1969).  More  recent  studies  have  demonstrated  that 
pretreatment  with  as  little  as  one  dose  of  nicotine  will  attenuate 
nicotine-induced  elevations  of  plasma  corticosterone  (Balfour  1980) 
and  adrenocorticotropic  hormone  (ACTH)  (Sharp  and  Beyer  1986) 
levels  in  rats  (see  also  Chapter  III). 

The  interval  between  the  pretreatment  and  challenge  doses  of 
nicotine  is  a  critical  factor  that  determines  whether  tach3T)hylaxis  is 
observed.  Aceto  and  coworkers  (1986)  examined  the  effect  of  i.v. 
nicotine  infusion  on  heart  rate  and  blood  pressure  in  the  rat. 
Tolerance  did  not  develop  when  the  interval  between  pretreatment 
and  challenge  doses  was  30  min;  marked  tolerance  was  detected 
when  the  interval  was  reduced  to  1  min.  However,  Stolerman,  Fink, 
and  Jarvik  (1973)  observed  that  after  a  single  intraperitoneal  dose  of 
nicotine  to  rats,  acute  tolerance  to  a  second  dose  did  not  become 
maximal  until  2  hr  after  the  initial  injection. 

Mechanisms  of  Tachyphylaxis 

Although  tachyphylaxis  has  been  described  for  a  wide  variety  of 
nicotine's  effects,  very  little  is  known  about  mechanisms.  A  nicotine 
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metabolite  may  play  a  role  in  the  development  of  tachyphylaxis. 
Barrass  and  colleagues  (1969)  argued  that  nicotine  metabolites  may 
block  nicotine  receptors  and  thereby  antagonize  nicotine's  lethal 
effects.  This  argument  was  made  because  pretreatment  with  nic- 
otine-N'-oxide  protected  mice  from  the  lethal  effects  of  large  doses  of 
nicotine.  LD50  values  were  increased  approximately  ninefold  by 
pretreatment  with  nicotine-N'-oxide.  These  authors  hypothesized 
that  this  protection  may  involve  conversion  of  nicotine-N'-oxide  to 
hydroxy  nicotine.  Their  results  indicated  that  injection  of  a  reduction 
product  of  cotinine,  believed  to  be  hydroxynicotine,  gave  immediate 
protection,  whereas  maximum  protection  was  not  seen  until  40  min 
after  injection  of  nicotine-N'-dxide.  Thus  it  appears  that  metabolisna, 
possibly  to  hydrox3micotine,  is  required  for  the  protective  action  of 
nicotine-N'-oxide. 

Another  hypothesis  is  that  tachyphylaxis  is  the  result  of  desensiti- 
zation  of  nicotine  receptors.  Desensitization  of  the  receptor  involves 
a  conformational  change  that  results  in  increased  affinity  of  the 
nicotinic  receptor  for  agonists  coupled  with  decreased  ability  of  the 
receptor  to  transport  ions  (Weiland  et  al.  1977;  Sakmann,  Patlak, 
Neher  1980;  Boyd  and  Cohen  1984).  Desensitization  of  nicotinic 
receptors  at  the  motor  end-plate  was  first  described  by  Katz  and 
Thesleff  (1957)  and  has  since  been  studied  by  a  large  number  of 
investigators,  using  either  skeletal  muscle  or  the  electric  organs  of 
the  eel,  Torpedo  californica.  Although  tachyphylaxis  has  been 
commonly  suggested  as  being  due  to  desensitization  of  brain 
nicotinic  receptors,  the  role  of  desensitization  in  tachyphylaxis  to 
specific  behavioral  effects  of  nicotine  has  not  been  studied.  This  is 
because  concentrations  of  nicotinic  receptors  in  specific  areas  of  the 
brain  corresponding  to  the  behavioral  effects  being  mes^ured  are  not 
high  enough  to  use  available  methods. 

Chronic  Tolerance 

Human  Studies 

Chronic  tolerance  to  tobacco  and  nicotine  has  not  been  studied 
systematically  in  human  subjects,  but  it  is  clear,  as  noted  previously, 
that  some  tolerance  does  develop.  Tolerance  is  not  complete; 
symptoms  of  nicotine  toxicity  such  as  nausea  appear  when  smokers 
increase  their  normal  tobacco  consumption  by  as  little  as  50  percent 
(Danaher  1977). 

These  findings  are  consistent  with  the  observations  that  smokers 
increase  their  tobacco  consumption  and  intsike  of  nicotine  with 
experience.  Such  escalating  dose  patterns  may  be  observed  for 
several  years  after  initiation  of  either  cigarette  smoking  or  smok- 
eless tobacco  use.  Cigarette  smokers  may  achieve  such  increases  by 
augmenting  the  number  of  cigarettes  smoked  and  by  increasing  the 
amount  of  nicotine  extracted  from  each  cigarette.  For  users  of 
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smokeless  tobacco,  switching  to  products  with  greater  nicotine 
delivery  may  also  contribute  to  nicotine  dose  escalation  (US  DHHS 
1986). 

Animal  Studies 

Animal  studies  have  proved  useful  in  establishing  the  actual 
development  of  tolerance  to  nicotine,  the  magnitude  of  such  toler- 
ance, and  mechanisms  that  underlie  this  tolerance.  The  majority  of 
these  studies  have  used  the  rat  and  mouse  as  experimentsQ  subjects. 

Most  of  the  chronic  tolerance  studies  using  the  rat  have  focused  on 
the  effects  of  nicotine  on  locomotor  activity.  Depression  of  locomotor 
activity  typically  occurs  following  the  injection  of  nicotine  in  doses 
exceeding  0.2  mg/kg  in  drug-naive  rats.  Tolerance  to  this  depression 
develops  following  chronic  treatment  (Keenan  and  Johnson  1972; 
Stolerman,  Fink,  Jarvik  1973;  Stolerman,  Bunker,  Jarvik  1974).  The 
ms^itude  of  this  tolerance  is  influenced  by  the  dose  and  dosing 
interval.  Tolerance  persists  for  greater  than  90  days  when  nicotine  is 
injected  chronically.  Tolerance  to  the  effects  of  injected  nicotine  on 
depression  of  locomotor  activity  could  also  be  produced  with  nicotine 
administered  in  the  rats*  drinking  water  or  through  subcutaneously 
implanted  reservoirs  (Stolerman,  Fink,  Jarvik  1973). 

Under  certain  experimental  conditions,  rats  treated  chronically 
with  nicotine  exhibit  an  increase  in  locomotor  activity  following 
nicotine  challenge  (Morrison  and  Stephenson  1972;  BaA5ttig  et  al. 
1976;  Clarke  and  Kumar  1983a,b).  A  careful  analysis  of  the  response 
to  an  acute  challenge  dose  of  nicotine  demonstrated  that  soon  after 
the  first  dose  of  nicotine,  depressed  locomotor  activity  was  observed; 
after  40  min  or  more,  increased  locomotor  activity  became  apparent 
(Clarke  and  Kumar  1983b).  Chronically  injected  rats  exhibited  this 
enhanced  activity  progressively  earlier  postinjection.  More  recently, 
Ksir  and  others  (1985,  1987)  demonstrated  that  chronic  nicotine 
injections  may  result  in  enhanced  locomotor  activity  immediately 
after  nicotine  injection  if  the  rats  were  acclimated  to  the  test 
apparatus  for  1  hr  before  nicotine  injection.  These  findings  indicate 
that  in  the  rat,  tolerance  develops  to  the  depressant  effects  of 
nicotine  and  that  this  tolerance  uncovers  a  latent  stimulatory  action. 

If  mice  are  injected  chronically  with  nicotine,  tolerance  develops  to 
the  locomotor  depressant  effects  elicited  by  a  challenge  dose  of 
nicotine  (Hatchell  and  Collins  1977).  The  degree  and  rate  of 
development  of  tolerance  appear  to  be  influenced  by  the  sex,  as  well 
as  the  strain,  of  the  animals.  Tolerance  development  has  been 
studied  by  continuously  infusing  mice  of  several  inbred  strains  with 
nicotine  and  assessing  tblierance  by  measuring  locomotor  activity, 
body  temperature,  respiratory  rate,  heart  rate,  and  acoustic  startle 
response  following  nicotine  challenge.  Such  studies  have  demon- 
strated that:  (1)  Tolerance  to  nicotine  increases  with  the  nicotine 
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infusion  dose  (Marks,  Burch,  Collins  1983a);  (2)  Tolerance  is  specific 
for  nicotinic  cholinergic  agonists  in  that  nicotine-infused  animals  are 
not  cross-tolerant  to  the  muscarinic  cholinergic  agonist  oxotremo- 
rine  (Marks  and  Collins  1985);  (3)  Maximal  tolerance  is  attained 
within  4  days  following  the  initiation  of  infusion  and  is  lost  within  8 
days  following  the  cessation  of  infusion  (Marks,  Stitzel,  Collins  1985); 
(4)  Tolerance  development  varies  between  inbred  mouse  strains,  with 
some  strains  exhibiting  marked  tolerance  and  other  strains  showing 
very  little  (Marks,  Romm  et  al.  1986);  and  (5)  Mouse  strains  that  fail 
to  develop  tolerance  to  nicotine  are  also  relatively  insensitive  to  the 
effects  elicited  by  an  acute  injection  of  nicotine  (Marks,  Stitzel, 
Collins  1986).  More  recently  these  investigators  compared  the  effects 
of  continuous  and  pulse  infusions  of  nicotine  on  tolerance  develop- 
ment (Marks,  Stitzel,  Collins  1987).  Pulse  infusion  was  used  to 
simulate  the  conditions  obtained  when  tobacco  is  smoked.  Although 
the  total  dose  infused  was  the  same  in  continuously  infused  and 
pulse-infused  animals,  marked  differences  in  tolerance  were  seen. 
The  pulse-infused  animals  exhibited  a  greater  degree  of  tolerance. 
The  degree  of  tolerance  was  most  correlated  with  peak  nicotine 
concentrations. 

Chronic  nicotine  administration  results  in  tolerance  to  a  number 
of  other  nicotinic  effects.  Tolerance  develops  to  depression  of  operant 
responding  elicited  by  high  doses  of  nicotine,  such  that  after 
sufficient  chronic  treatment,  enhanced  rather  than  depressed  oper- 
ant responding  is  seen  (Clarke  and  Kumar  1983c;  Hendry  and 
Rosecrans  1982).  Attenuation  of  the  effects  of  nicotine  on  electroen- 
cephalogram (EEG)  activity  is  seen  in  the  rat  following  chronic 
injection  (Hubbard  and  Gohd  1975).  These  altered  EEG  responses 
paralleled  the  development  of  tolerance  to  behavioral  effects  de- 
scribed by  these  authors  as  "arousal."  In  contrast  to  the  findings  of 
Hubbard  and  Gohd  (1975),  other  studies  indicate  that  chronic 
tolerance  does  not  develop  to  the  behavioral  stimulation  effect  of 
nicotine  (Battig  et  al.  1976;  Morrison  and  Stephenson  1972;  Clarke 
and  Kumar  1983a,c).  Likewise,  little  or  no  tolerance  to  nicotine- 
induced  prostration  after  i.v.  administration  was  observed  after 
chronic  exposure  in  rats  (Abood  et  al.  1981,  1984). 

In  addition,  tolerance  has  been  reported  to  develop  to  nicotine- 
induced  increases  in  plasma  corticosterone,  but  not  adrenal  catechol- 
amine release  in  rats  (Balfour  1980;  Van  Loon  et  al.  1987).  Anderson 
and  colleagues  (1985)  studied  the  effects  of  chronic  exposure  to 
cigarette  smoke  on  neuroendocrine  function  of  the  rat  hypothala- 
mus. These  researchers  observed  that  chronic  exposure  to  cigarette 
smoke  over  a  period  of  9  days  did  not  result  in  tolerance  to  the  ability 
of  acute  intermittent  exposure  to  cigarette  smoke  to  reduce  serum 
levels  of  prolactin,  luteinizing  hormone,  and  follicle  stimulating 
hormone. 
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Mechanisms  of  Chronic  Tolerance 

Chronic  tolerance  to  drugs  may  be  due  to  an  increase  in  the  rate  of 
drug  metabolism  or  to  a  decrease  in  sensitivity  of  the  tissue  to  the 
drug.  Considerable  differences  exist  among  humans  in  the  rate  of 
nicotine  metabolism  (Benowitz  et  al.  1982).  Metabolism  is  faster 
(shorter  half-life)  in  smokers  than  in  nonsmokers  (Schievelbein  et  al. 
1978;  Kyerematen  et  al.  1982;  Kyerematen,  Dvorchik,  Vesell  1983). 
The  contribution  of  enhanced  nicotine  metabolism  to  the  develop- 
ment of  nicotine  tolerance  in  humans  is  unclear.  Studies  of  rats 
which  clearly  demonstrate  that  chronic  nicotine  treatment  results  in 
tolerance  to  nicotine  also  indicate  that  chronic  nicotine  administra- 
tion does  not  increase  the  rate  of  nicotine  metabolism  in  rats 
(Takeuchi,  Kurogochi,  Yamaoka  1954)  or  mice  (Hatchell  and  Collins 
1977;  Marks,  Burch,  Collins  1983b).  These  findings  indicate  that 
tolerance  to  nicotine  primarily  involves  reduced  sensitivity  of  target 
tissues. 

Chronic  tolerance  to  nicotine  may  be  due  to  alterations  in  brain 
nicotinic  receptors  (see  Chapter  III  for  further  discussion  of  nicotine 
receptors).  At  least  two  types  of  nicotinic  receptors  exist  in  rodent 
brain  (Marks  and  Collins  1982).  One  of  these  receptor  types  may  be 
measured  with  'H-nicotine  or  'H-acetylcholine  (^H-ACh)  (Marks, 
Stitzel  et  al.  1986;  Martino-Barrows  and  Keller  1987),  while  the  other 
type  may  be  measured  with  ^^^I-bungarotoxin  (BTX).  The  nicotine- 
binding  site  has  higher  affinity  for  nicotine  than  does  the  BTX  site 
(Marks  and  Collins  1982).  Chronic  nicotine  injection,  once  or  twice 
daily  for  approximately  7  days,  increased  the  number  of  ^H-nic- 
otine/»H-ACh-binding  sites  in  the  brain  (Ksir  et  al.  1985,  1987; 
Morrow,  Loy,  Creese  1985;  Schwartz  and  Kellar  1983,  1985).  This 
increase  in  nicotine-binding  sites  appeared  to  correlate  with  the 
emergence  of  nicotine-induced  increases  in  locomotor  activity  in  the 
rat.  Studies  of  tolerance  to  nicotine  in  one  inbred  mouse  strain  (DBA) 
also  demonstrated  that  chronic  nicotine  treatment  elicits  an  increase 
in  the  number  of  brain  nicotinic  receptors  as  measured  with  both  ^H- 
nicotine  and  BTX  as  the  ligands  (Marks,  Burch,  Collins  1983a;  Marks 
and  Collins  1985;  Marks  et  al.  1985,  1986;  Marks,  Stitzel,  Collins 
1985,  1986,  1987).  These  studies  have  also  shown  that  the  number  of 
^H-nicotine-binding  sites  increases  at  lower  doses  of  nicotine  than  do 
the  BTX-binding  sites.  An  increase  in  'H-nicotine  binding  (Marks, 
Burch,  Collins  1983a)  parallels  development  of  tolerance  to  various 
responses  during  chronic  infusion.  In  chronically  infused  DBA  mice, 
tolerance  acquisition  and  disappearance  parallel  the  up-regulation 
and  return  to  control,  respectively,  of  brain  ^H-nicotine  binding 
(Marks,  Stitzel,  Collins  1985).  These  findings  suggest  that  the 
increase  in  ^H-nicotine  binding  is  related  to  the  development  of 
tolerance  to  nicotine.  However,  further  studies  indicate  that  factors 
other  than  receptor  number  must  also  be  considered,  because  mouse 
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strains  that  do  not  develop  tolerance  to  nicotine  also  demonstrate  up- 
regulation  of  nicotinic  receptors  following  chronic  infusion  (Marks  et 
al.  1986;  Marks,  Stitzel,  Collins  1986). 

That  chronic  nicotine  treatment  results  in  a  decrease  in  response 
to  the  drug  (tolerance)  and  an  increase  in  the  number  of  nicotinic 
receptors  was  an  unexpected  finding.  Marks,  Burch,  and  Collins 
(1983a)  and  Schwartz  and  Kellar  (1985)  have  suggested  that  chronic 
nicotine  treatment  results  in  chronic  desensitization  of  nicotinic 
receptors.  Chronic  desensitization  of  the  nicotinic  receptor  is  compa- 
rable to  chronic  treatment  with  an  antagonist  and  could  be  the 
stimulus  for  up-regulation  of  the  receptors.  According  to  this 
hypothesis,  there  is  an  increase  in  number  of  brain  nicotinic 
receptors  but  a  decrease  in  the  absolute  number  of  "activatable" 
(nondesensitized)  receptors.  This  would  result  in  a  decreased  re- 
sponse to  nicotine  (tolerance).  Marks  and  coworkers  suggest  that 
inbred  mouse  strains  failing  to  exhibit  tolerance  to  nicotine,  under 
the  procedures  used  by  these  investigators,  have  brain  nicotinic 
receptors  that  resensitize  more  rapidly  than  do  those  strains  that  do 
exhibit  tolerance. 

By  treating  rats  chronically  with  the  acetylcholinesterase  inhibi- 
tor disulfoton,  Costa  and  Murphy  (1983)  have  found  a  decrease  in  rat 
brain  ^H-nicotine  binding.  Disulfoton-treated  rats  were  also  tolerant 
to  the  antinociceptive  effects  of  nicotine.  Thus,  tolerance  to  nicotine 
effects  may  be  seen  when  the  number  of  nicotinic  receptors  is 
increased  or  decreased  by  chronic  drug  treatment.  The  observation 
that  tolerance  to  at  least  one  effect  of  nicotine  can  be  obtained  by  a 
technique  that  decreases  brain  nicotinic  receptor  numbers  supports 
the  idea  that  chronic  nicotine  treatment  results  in  an  increase  in  the 
total  number  of  receptors  but  a  decrease  in  those  that  may  be 
activated  by  nicotine;  that  is,  a  high  fraction  of  the  up-regulated 
receptors  are  desensitized. 

In  contrast  to  the  studies  reviewed  above,  some  investigators  have 
found  no  change  in  the  number  or  affinity  of  ''H-nicotine-binding 
sites  in  the  brains  of  rats  chronically  exposed  to  nicotine  (Abood  et 
al.  1984;  Benwell  and  Balfour  1985). 

Other  potential  neurochemical  explanations  for  tolerance  to 
nicotine  have  been  considered.  Severial  reports  (Westfall  1974; 
Giorguieff  et  al.  1977;  Arqueros,  Naquira,  Zunino  1978;  Giorguieff- 
Chesselet  et  al.  1979)  indicate  that  nicotine  stimulates  dopamine 
release  in  vitro,  and  a  recent  study  demonstrated  that  nicotinic 
agonists  are  less  effective  in  stimulating  dopamine  release  in  slices  of 
striatum  obtained  from  rats  that  had  been  chronically  treated  with 
the  nicotinic  agonist  dimethylphenylpiperazinium  (DMPP)  (Westfall 
and  Perry  1986).  These  findings  are  consistent  with  the  idea  that 
chronic  nicotinic  agonist  treatment  results  in  a  decrease  in  the 
absolute  number  of  receptors  that  can  be  activated. 
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Pharmacodynamics  of  Nicotine  and  Cigarette  Smoking 

As  the  foregoing  review  has  shown,  the  intensity  of  nicotine's 
effects  is  related  to  the  dose  given,  the  time  since  the  last  dose,  and 
the  level  of  preexisting  or  acquired  tolerance.  Since  nicotine  can 
produce  effects  that  lead  to  further  use  (reinforcing  effects)  (Hein- 
ningfield  and  Groldberg  1983)  and  can  also  produce  effects  that  limit 
use  (aversive  effects,  usually  at  higher  dose  levels)  (Danaher  1977), 
the  strength  of  the  effect  of  a  given  dose  can  determine  whether 
more  or  less  nicotine  will  be  subsequently  taken.  Thus,  factors  such 
as  tolerance  can  affect  the  manner  in  which  nicotine  controls 
behavior  (Chapter  IV).  Similarly,  an  individual's  ability  to  develop 
tolerance  to  the  toxic  actions  may  be  critical  in  determining  whether 
smoking  will  occur  and,  if  smoking  is  initiated,  whether  there  will  be 
an  increase  in  the  number  of  cigarettes  consumed  each  day. 

Pharmacodynamic  considerations  may  help  explain  the  pattern  of 
cigarette  smoking  throughout  the  day.  Intervals  between  smoking 
cigarettes  may  be  determined  at  least  in  part  by  the  time  required 
for  tolerance  to  disappear.  With  regular  smoking  there  is  accumula- 
tion of  nicotine  in  the  body  resulting  in  a  greater  level  of  tolerance. 
Transiently  high  brain  levels  of  nicotine  following  smoking  individu- 
al cigarettes  may  partially  overcome  tolerance.  But  the  effects  of 
individual  cigarettes  tend  to  lessen  throughout  the  day.  Overnight 
abstinence  allo\^re  considerable  resensitization  to  effects  of  nicotine, 
and  the  daily  smoking  cycle  begins  again. 

Pharmacodynamic  observations  with  i.v.  dosing  of  nicotine  explain 
the  pattern  of  cardiovascular  changes  observed  in  cigarette  smokers. 
That  brief  infusions  of  nicotine  increase  heart  rate  to  a  maximum 
suggests  that  heart  rate  will  increase  most  with  the  first  few 
cigarettes  of  the  day,  but  subsequently  will  not  vary  in  relation  to 
the  amount  of  nicotine  consumed.  That  only  partial  tolerance 
develops  to  heart  rate  acceleration  due  to  nicotine  suggests  that 
effects  on  heart  rate  may  persist  as  long  as  significant  levels  of 
nicotine  persist,  including  overnight.  These  predictions  were  con- 
firmed in  a  study  in  which  volunteer  cigarette  smokers  smoked 
either  high-  or  low-yield  nonfilter  research  cigarettes  or  abstained 
from  smoking  (Benowitz,  Kujrt,  Jacob  1984).  Full  compensation  for 
the  low-yield  research  cigarettes,  which  contained  only  small 
amounts  of  nicotine,  was  impossible.  Resultant  nicotine  blood  levels 
were  different  by  fourfold.  As  predicted,  heart  rate  (assessed  by 
continuous  ambulatory  electrocardiogram  (EKG)  monitoring)  in- 
cresised  in  the  morning — ^more  on  smoking  than  nonsmoking  days — 
and  the  increase  occurred  with  the  first  few  cigarettes  of  the  day. 
Subsequently,  heart  rate  followed  a  normal  circadian  pattern,  but 
was  always  higher  during  smoking  than  during  abstinence.  Also,  as 
predicted,  heart  rate  was  no  different  during  the  smoking  of  low- 
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yield  or  high-yield  cigarettes,  despite  the  fourfold  difference  in  blood 
nicotine  concentration. 

Pharmacodynamic  aspects  of  the  actions  of  nicotine  may  explain 
in  part  how  cigarette  smoking  causes  coronary  heart  disease  (US 
DHHS  1983).  As  noted  before,  because  of  the  accumulation  of 
nicotine  and  its  dose-response  characteristics^  heart  rate  is  increased 
during  cigarette  smoking  for  24  hr  a  day.  Plasma  catecholamine 
concentrations  and  urinary  catecholamine  excretion  remain  in- 
creased as  well  (Benowitz  1986c),  consistent  with  the  theory  that 
cigarette  smoking  produces  sympathetic  neuralactivation  24  hr  each 
day.  Persistent  sympathetic  activation  could  result  in  the  following 
effects:  (1)  Alteration  in  lipid  metabolism,  resulting  in  a  more 
atherogenic  lipid  profile;  (2)  Promotion  of  platelet  aggregation  and 
hypercoagulability;  (3)  Induction  of  vasoconstriction  and  coronary 
spasm;  and  (4)  Increased  heart  rate  and  myocardial  contractility, 
thereby  an  increase  in  the  oxygen  demands  of  the  heart  and  of 
circulating  catecholamines,  which  can  promote  cardiac  arrhythmias. 
These  factors  could  accelerate  atherosclerosis  and  contribute  to 
acute  myocardial  infarction  in  a  person  with  preexisting  coronary 
atherosclerosis  (Benowitz  1986a)  (see  also  Appendix  B).  There  is  no 
apparent  correlation  between  acute  coronary  events  and  the  time  at 
which  a  person  smokes  a  cigarette,  perhaps  because  of  the  persistent 
effects  of  nicotine  throughout  the  day. 

Constituents  of  Tobacco  Smoke  Other  Than  Nicotine  With 
Potential  Behavioral  Effects 

Tobacco  smoke  contains  more  than  4,000  constituents,  many  of 
which  may  have  biological  activity  (US  DHHS  1983).  Although 
nicotine  is  the  major  pharmacologic  factor  which  determines  the  use 
of  tobacco,  other  constituents  may  also  be  involved.  The  behavioral 
effects  of  tobacco  constituents  other  than  nicotine  are  described  in 
the  Section  below  and  in  Chapter  IV.  This  Section  focuses  more  on 
the  chemicals  that  may  be  involved,  whereas  Chapter  IV  focuses 
more  on  cigarette  smoking  behavior. 

Minor  Tobacco  Alkaloids 

Most  of  the  research  on  the  minor  tobacco  alkaloids  has  been 
directed  to  determining  physiological  effects,  such  as  the  effect  on 
blood  pressure  and  other  cardiovascular  responses  and  toxicological 
effects,  rather  than  the  potential  for  behavioral  effects.  The  pharma- 
cologic effects  of  alkaloids  of  the  nicotine  group  have  been  discussed 
by  Bovet  and  Bovet-Nitti  (1948)  and  Clark,  Rand,  and  Vanov  (1965). 
Nornicotine  and  anabasine  were  found  to  have  qualitatively  similar 
actions  but  to  be  less  potent  than  nicotine.  Larson  and  Ha£^  (1943) 
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reported  that  the  potency  of  nornicotine  as  determined  by  effects  on 
blood  pressure  in  dogs  was  about  one-twelfth  that  of  nicotine. 

Nicotine  analogs  have  been  studied  for  discriminative  stimulus 
effects  by  using  animal  models  (Chance  et  al.  1978)  (see  also  Chapter 
IV).  The  only  chemical  shown  to  produce  a  positive  response  in  that 
test  system  was  3-methylpyridylpyrrolidine.  Recent  research  has 
focused  on  binding  at  specific  brain  receptor  sites.  Martin  and 
coworkers  compared  binding  characteristics  of  nicotine-related  com- 
pounds (Martin  et  al.  1986;  Sloan  et  al.  1985).  Lobeline,  anabasine, 
and  cytisine  were  evaluated  for  effects  on  heart  rate,  blood  pressure, 
respiration  rate,  minute  volume,  and  tidal  volume  (Sloan  et  al.  1987). 
Lobeline  and  anabasine  bound  to  low-affinity  sites  in  the  brain, 
whereas  cytisine  bound  only  at  a  high-affinity  site.  The  binding  data 
are  consistent  with  the  pharmacologic  data,  indicating  that  lobeline 
and  anabasine  have  different  pharmacologic  actions  than  c)^isine. 
Kanne  and  others  (1986)  and  Abood  and  Grassi  (1986)  evaluated  two 
nicotine  analogs,  including  a  new  radioligand,  to  study  brain 
nicotinic  receptors.  Kachur  and  others  (1986)  studied  the  pharmaco- 
logic effects  of  a  bridged-nicotine  analog  (methylene  bridge  between 
the  methyl  of  the  pyrrolidine  ring  and  the  a-position  of  the  pyridine 
ring).  The  magnitude  of  pressor  effect  depended  on  the  particular 
enantiomer  and  dosage.  These  results  emphasize  that  compounds 
other  than  nicotine  may  act  at  the  nicotine  receptors;  however,  there 
may  be  subpopulations  of  receptors  to  which  different  agonists  and 
antagonists  bind  (Chapter  III). 

N-Methylated  derivatives  of  nicotine,  including  nicotine  isometho- 
nium  ion  (N-methylnicotinium  ion,  NMN),  have  been  shown  to  have 
pressor  and  neuromuscular  effects  in  some  species  (Shimamoto  et  al. 
1958).  Nicotine  isomethonium  ion  was  first  reported  to  be  a 
metabolite  of  nicotine  present  in  smokers'  urine  by  McKennis  and 
coworkers  in  the  1960s,  and  its  presence  in  smokers'  urine  has  been 
recently  confirmed  (Neurath  et  al.  1987).  Recently  Crooks  and 
coworkers  (Cundy,  Godin,  Crooks  1985)  have  shown  that  only  the  (R)- 
isomer  of  nicotine  is  converted  to  nicotine  isomethonium  ion  in  vitro 
in  guinea  pig  tissue  homogenates  or  in  vivo  in  guinea  pigs. 
Consequently,  it  is  uncertain  as  to  whether  the  nicotine  isomethoni- 
um ion  present  in  smokers'  urine  arrives  from  the  small  amount  of 
(R)-nicotine  present  in  tobacco  smoke,  or  whether  the  human  en2yme 
systems  have  different  specifications  than  the  guinea  pig  enzymes. 
Because  little  if  any  nicotine  isomethonium  ion  penetrates  the  blood- 
brain  barrier  (Pool  1987;  Aceto  et  al.  1983),  it  would  appear  that  this 
metabolite  could  have  behavioral  actions  only  if  it  were  formed  in 
the  CNS.  These  findings  emphasize  the  complexity  of  the  pharmacol- 
ogy of  nicotine-related  compounds.  It  can  be  concluded  from  research 
on  these  compounds  that  some  do  bind  to  specific  brain  receptors  and 
may  result  in  centrally  mediated  physiological  changes.  However, 
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there  is  inadequate  evidence  to  date  that  any  of  these  compounds 
produces  either  aversive  or  rewarding  effects  in  human  smokers. 

"Tar"  and  Selected  Constituents  of  Tobacco  Smoke  Which 
Contribute  to  Taste  and  Aroma 

"Tar"  is  used  to  describe  the  dry  particulate  matter  without  the 
nicotine  in  tobacco  smoke  (Pillsbury  et  al.  1969).  The  possible  role  of 
tar  in  the  maintenance  of  the  cigarette  smoking  habit  has  been 
considered.  Goldfarb  and  coworkers  (1976)  studied  the  effects  of  the 
tar  content  (determined  by  cigarette  smoking  machine  testing)  on 
the  subjective  reactions  to  cigarette  smoking.  Ratings  of  strength 
were  not  related  to  the  tar  index  of  the  cigarettes.  The  results  were 
interpreted  as  indicating  that  tar  did  not  have  a  role  in  the 
maintenance  of  cigarette  smoking  behavior.  In  a  later  study,  Sutton 
and  coworkers  (1982)  found  that  when  nicotine  yield  was  held 
constant,  smokers  of  lower-tar  cigarettes  puffed  more  smoke  and  had 
higher  drug  plasma  levels.  These  results  suggested  that  smokers 
were  compensating  for  reduced  delivery  of  tar  by  inhaling  a  greater 
volume  of  smoke.  Because  these  two  studies  used  different  experi- 
mental designs,  it  is  difficult  to  draw  a  conclusion  as  to  the  role  of  tar 
in  relation  to  smoking  behavior.  However,  based  on  knowledge  about 
the  taste  and  aroma  constituents  of  cigarette  smoke,  it  is  likely  that 
some  of  the  chemicals  in  the  tar  fraction  contribute  to  tobacco  use,  if 
only  by  providing  distinct  sensory  stimuli  (Chapter  VI).  Consistent 
with  this  possibility,  minimal  levels  of  tar  are  held  by  tobacco 
manufacturers  to  be  important  to  the  taste  characteristics  of  tobacco 
smoke. 

Several  thousand  compounds  have  been  isolated  from  tobacco  and 
tobacco  smoke  (Dube  and  Green  1982),  and  many  of  these  may  be 
biologically  active  (lARC  1986).  The  precursors  to  the  carotenoids 
and  diterpeniods,  selected  nitrogenous  and  sulfur  constituents, 
waxes  and  lipids,  and  phenolics  and  acids  contribute  to  the  taste  and 
aroma  of  tobacco  (Enzell  and  Wahlberg  1980;  Heckman  et  al.  1981; 
Davis,  Stevens,  Jurd  1976).  A  number  of  the  isoprenoid  compounds 
tha;t  influence  the  taste  and  aroma  of  smoke  may  be  formed  by 
sequential  oxidation,  rearrangement,  and  reduction  reactions  (Davis, 
Stevens,  Jurd  1976).  Enzell  and  Wahlberg  (1980)  described  several 
norisoprenoid  compounds  which  are  derived  from  the  cyclic  carot- 
enoids and  are  important  to  smoke  aroma.  The  particular  taste  and 
aroma  of  a  cigarette  can  be  influenced  by  the  selection  of  the  grade 
(quality  and  leaf  position  on  the  plant)  and  type  of  tobacco  used  in 
the  blend. 

Taste  and  smell  receptors  in  the  pharynx,  lar5Tix,  and  nose  provide 
the  first  sensory  input  to  the  smoker  as  he  or  she  lights  up,  an 
experience  which  is  generally  perceived  as  pleasurable  (Rose  et  al. 
1985).  The  taste  and  smell  of  tobacco  smoke  may  be  important 
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reinforcers  for  tobacco  smoking  (Jarvik  1977) — at  least  following 
repeated  association  with  the  reinforcing  effects  of  nicotine  adminis- 
tration (Chapter  VI).  By  such  behavioral  conditioning,  sensory  cues 
provided  by  tar  and  flavor  additives  could  come  to  control  the 
tobacco-consuming  behavior  of  the  tobacco  user.  Changes  in  smoking 
patterns  when  brands  are  switched  and  brand  selection  may  be  a 
response  in  part  to  the  particular  flavor  and  aroma  of  the  product 
(Thornton  1978). 

Carbon  Monoxide 

The  mainstream  and  sidestream  carbon  monoxide  (CO)  deliveries 
of  cigarettes  are  influenced  by  cigarette  design  and  puffing  charac- 
teristics of  the  smokers.  Depending  upon  these  factors,  the  main- 
stream delivery  usually  ranges  from  10  to  20  mg/cigarette.  In  a 
study  of  29,000  blood  donors  in  18  locations  around  the  United 
States,  smokers  were  found  to  have  median  carboxyhemoglobin 
(COHb)  levels  ranging  from  3.2  to  6.2  percent  (Stewart  et  al.  1974). 
Anderson,  Rivera,  and  Bright  (1977)  found  the  COHb  levels  in  50 
smokers  to  vary  from  3.9  to  14.0  percent,  with  the  mean  of  8.1 
percent.  The  mean  increment  in  COHb  immediately  after  smoking  1 
cigarette  was  0.64  percent.  COHb  levels  gradually  decrease  in  blood 
after  cessation  of  smoking.  Carbon  monoxide  is  eliminated  in  expired 
air.  The  rate  of  elimination  depends  on  pulmonary  blood  flow  and 
ventilation.  The  half-life  of  COHb  is  2  to  4  hr  during  daytime.hours, 
but  as  COHb  is  related  to  the  level  of  exercise,  the  half-life  may  be  as 
long  as  8  hr  during  sleep  (Wald  et  al.  1975).  For  these  reasons,  many 
smokers  awaken  in  the  morning  with  substantial  levels  of  COHb, 
despite  not  smoking  overnight  (Benowitz,  Kujrt,  Jacob  1982).  Persons 
smoking  cigarettes  with  lower  nicotine  and  CO  yields  have  only 
slightly  lower  levels  of  COHb  when  compared  with  those  smoking 
higher-yield  products  (Wald  et  al.  1980, 1981;  Sutton  et  al.  1982;  Hill, 
Haley,  Wynder  1983;  Benowitz,  Jacob,  Yu  et  al.  1986). 

Benowitz  and  colleagues  (1986)  studied  tar,  nicotine,  and  CO 
exposure  in  smokers  switched  from  their  usual  brand  to  low-,  high-, 
and  ultra-low-yield  cigarettes.  This  study  indicated  that  there  were 
no  differences  in  exposure  comparing  low-  and  high-yield,  but  tar 
and  nicotine  exposure  were  reduced  by  about  50  percent  and  CO  by 
36  percent  while  smoking  uZfra-low-yield  cigarettes.  Switching  from 
a  high  to  lower  yield  cigarette  does  not  significantly  reduce  blood 
COHb  although  switching  to  ultra  low  cigarettes  has  been  shown  to 
lead  to  a  significant  reduction. 

The  toxic  effects  of  high  CO  levels  are  well  documented  (US  DHHS 
1983).  Some  studies  have  tried  to  determine  whether  CO  levels  in  the 
blood  similar  to  those  observed  in  smokers  can  affect  behavior.  Beard 
and  Wertheim  (1967)  and  Wright,  Randell,  and  Shephard  (1973) 
reported  performance  decrements  with  COHb  levels  below  5.0 
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percent;  however,  Guillerman,  Radziszewski,  and  Caille  (1978)  found 
no  psychomotor  performance  effects  at  COHb  levels  of  7  and  11 
percent.  Thus,  the  data  are  inconclusive  with  regard  to  the  possible 
influence  of  CO  on  psychomotor  performance  at  levels  normally 
encountered  in  smokers. 

Acetaldehyde  and  Other  Smoke  Constituents 

Acetaldehyde  is  a  major  constituent  of  tobacco  smoke,  with 
mainstream  smoke  levels  in  commercial  cigarettes  ranging  from  0.5 
to  1.2  mg/cigarette  (lARC  1986).  The  delivery  of  volatile  aldehydes  is 
influenced  by  cigarette  design,  with  reductions  achieved  by  specific 
filtration  and  air  dilution  techniques.  Yields  over  5.9  mg  have  been 
reported  for  large  cigars  (Hoffmann  and  Wynder  1977).  Acetalde- 
hyde is  the  primary  metabolite  of  ethanol,  and  its  toxic  potency  is  20 
to  30  times  that  of  ethanol.  Acetaldelhyde  has  been  suggested  to 
have  an  adverse  effect  on  the  heart  (James  et  al.  1970).  Acetaldehyde 
and  acrolein,  another  important  aldehyde  in  the  gas  phase  of 
cigarette  smoke,  activate  the  sympathetic  nervous  system  (Egle  and 
Hudgins  1974).  Acetaldehyde,  by  releasing  norepinephrine,  results 
in  a  pressor  effect  (Kirpekar  and  Furchgott  1972;  Green  and  Egle 
1983).  Depressor  effects  occur  at  high  doses  of  the  aldehydes  in 
guanethidine-pretreated  hypertensive  rats.  Frecker  (1983)  indicated 
that  condensation  products  of  acetaldehyde  may  be  active  on 
endogenous  opioid  systems.  Torreilles,  Guerin,  and  Previero  (1985) 
reviewed  the  S3mthesis  and  biological  properties  of  beta-carbolines, 
the  condensation  products  of  tr3^tophan  and  indole  alkylamines 
with  aldehydes.  Beta-carbolines  occur  as  plant  constituents,  includ- 
ing minor  constituents  in  tobacco.  For  example,  harman  (l-methyl-3- 
carboline)  has  been  identified  in  tobacco  and  tobacco  smoke  (Snook 
and  Chortyk  1984).  Carbolines  from  other  plant  species  have  been 
used  as  hallucinogens.  The  research  conducted  to  date  indicates  a 
potential  pharmacologic  effect  of  the  aldehydes,  especially  with 
r^ard  to  cardiovascular  physiology;  however,  the  evidence  is 
inadequate  to  determine  if  these  volatile  smoke  constituents  in  the 
doses  delivered  in  tobacco  smoke  contribute  to  the  behavioral  effects 
of  cigarette  smoking. 

Summary  and  Conclusions 

1.  All  tobacco  products  contain  substantial  amounts  of  nicotine 
and  other  alkaloids.  Tobaccos  from  low-yield  and  high-yield 
cigarettes  contain  similar  amounts  of  nicotine. 

2.  Nicotine  is  absorbed  readily  from  tobacco  smoke  in  the  lungs 
and  from  smokeless  tobacco  in  the  mouth  or  nose.  Levels  of 
nicotine  in  the  blood  are  similar  in  people  using  different  forms 
of  tobacco.  With  regular  use,  levels  of  nicotine  accumulate  in 
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the  body  during  the  day  and  persist  overnight.  Thus,  daily 
tobacco  users  are  exposed  to  the  effects  of  nicotine  for  24  hr 
each  day. 

3.  Nicotine  that  enters  the  blood  is  rapidly  distributed  to  the 
brain.  As  a  result,  effects  of  nicotine  on  the  central  nervous 
system  occur  rapidly  after  a  puff  of  cigarette  smoke  or  after 
absorption  of  nicotine  from  other  routes  of  administration. 

4.  Acute  and  chronic  tolerance  develops  to  many  effects  of 
nicotine.  Such  tolerance  is  consistent  with  reports  that  initial 
use  of  tobacco  products,  such  as  in  adolescents  first  beginning 
to  smoke,  is  usually  accompanied  by  a  number  of  unpleasant 
symptoms  which  disappear  following  chronic  tobacco  use. 
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Overview 

Nicotine,  in  tobacco  smoking  concentrations,  is  a  powerful  psy- 
choactive drug  (Domino  1973;  Kumar  and  Lader  1981;  Balfour  1984).  A 
wide  variety  of  stimulant  and  depressant  effects  is  observed  in 
animals  and  humans  that  involves  the  central  and  peripheral 
nervous,  cardiovascular,  endocrine,  gastrointestinal,  and  skeletal 
motor  systems.  These  heterogeneous  effects,  along  with  behavioral 
and  psychological  variables,  result  in  self-administration  of  tobacco, 
tobacco  dependence,  and  withdrawal  phenomena  with  abrupt  cessa- 
tion of  tobacco  smoking.  This  Chapter  discusses  sites  and  mechan- 
isms of  nicotine  actions  that  may  help  to  explain  why  tobacco 
products  are  self-administered. 

The  first  Section  of  this  Chapter  provides  general  summari^  of 
several  major  effects  of  nicotine  in  the  body.  Following  this  broad 
overview,  the  Chapter  presents  detailed  discussions  of  sites  and 
mechanisms  of  nicotine  action  that  may  be  particularly  important  to 
understand  tobacco  use.  Tissue  distribution  of  nicotine,  cerebral 
metabolic  effects,  and  nicotine  receptor  binding  are  reviewed.  Next, 
neuroendocrine  and  endocrine  effects  of  nicotine  are  discussed. 
Then,  electrophysiological  effects  of  nicotine  are  presented.  Finally, 
the  effects  of  smoking  on  psychophysiological  reactivity,  are  discuss- 
ed: 

Peripheral  Effects  of  Nicotine 

Nicotine  exerts  its  action  on  the  cardiovascular,  respiratory, 
skeletal  motor,  and  gastrointestinal  systems  through  stimulation  of 
peripheral  cholinergic  neurons  via  afferent  cliemoreceptOrs  and 
ganglia  of  the  autonomic  nervous  system  (ANS)  (Ginzel  1967b). 
Inasmuch  as  both  sympathetic  and  parasympathetic  ganglia  are 
stimulated  by  levels  of  nicotine  derived  from  tobacco  smoking,  the 
end  result  depends  on  the  summation  of  the  effects  of  autonomic 
ganglion  stimulation  and  reflex  effects.  The  resulting  peripheral 
physiological  changes  generally  resemble  S3rmpathetic  nervous  sys- 
tem (SNS)  arousal,  but  there  are  also  some  effects  of  nicotine  and 
smoking  that  lead  to  physiological  relaxation.  For  example,  there  is 
usually  an  increase  in  heart  rate  and  blood  pressure  immediately 
following  cigarette  smoking.  In  addition,  there  is  cutaneous  vasocon- 
striction of  the  distal  extremities.  In  contrast,  nicotine  can  relax 
skeletal  muscles  (e.g.,  reduce  patellar  reflex)  in  humans  and  animals 
via  effects  on  Renshaw  cells  (Domino  and  Von  Baumgarten  1969; 
Ginzel  and  Eldred  1972;  Ginzel  1987).  But  it  also  can  enhance  tension 
in  some  muscles  (e.g.,  trapezius  muscle)  (Fagerstrom  and  Gotestam 
1977).  Nicotine  in  small  doses  can  enhance  respiration  through 
stimulation  of  peripheral  chemoreceptora.  Yet,  h^h  nicotine  doses 
can  cause  respiratory  failure.  (See  Appendix  B  for  a  discussion  of 
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nicotine  toKicity.)  The  gastrointestinal  effects  of  nicotine  are  com- 
plex, involving  an  increase  in  secretions  and  reduced  motility  for  a 
short  period  of  time. 

The  peripheral  actions  of  nicotine  as  a  cholinergic  agonist  have 
made  it  a  valuable  pharmacologic  tool  for  studying  nicotinic 
cholinergic  actions  and  functioning  in  many  phjrsiological  systems. 
This  Chapter  focuses  on  the  mechanisms  of  nicotine's  actions 
relevant  to  tobacco  use.  Several  peripheral  actions  of  nicotine,  for 
instance  muscular  relaxation,  may  contribute  to  the  habitual  use  of 
tobacco  products  (see  smoking  and  stress  in  Chapter  VI).  However, 
because  the  central  nervous  system  (CNS)  actions  of  nicotine  and 
resulting  neurochemical  and  electrical  effects  mediate  subsequent 
biological  and  behavioral  responses,  a  review  of  these  actions 
contributes  to  an  understanding  of  the  reinforcing  effects  of  nicotine. 

Central  Sites  of  Nicotine  Actions 

Nicotinic  binding  sites  or  receptors  in  the  brain  have  been 
differentiated  as  very  high,  high,  and  low  affinity  t5rpes  (Shimohama 
et  al.  1985;  Sloan,  Todd,  Martin  1984;  Sloan  et  al.  1985).  In  the  rat 
brain,  when  cholinergic  muscarinic  receptors  are  blocked,  the 
autoradiographic  distribution  of  ^H-acetylcholine  (ACh)  and  ^H- 
nicotine  are  essentially  identical  (Clarke  and  Kumar  1984;  Clarke, 
Pert,  Pert  1984).  However,  these  brain  binding  sites  differ  from 
peripheral  nicotinic  receptors  in  ganglia  and  skeletal  muscle. 

Chronic  nicotine  administration  results  in  up-regulation  in  region- 
al rat  brain  ^H-ACh  binding  sites  measured  in  the  presence  of 
atropine  to  block  the  muscarinic  sites  (Schwartz  and  Kellar  1985). 
Up-regulation  of  ^H-nicotine  binding  sites  also  has  been  reported 
after  continuous  nicotine  infusions  in  mice  (Marks,  Burch,  Collins 
1983a).  In  contrast,  most  agonists  that  act  on  receptor  sites  in  the 
body,  when  given  chronically,  produce  a  reduction  (or  down-regula- 
tion) in  the  number  of  receptors.  Both  Marks,  Burch,  and  Collins 
(1983b)  and  Schwartz  and  Kellar  (1983,  1985)  have  suggested  that 
nicotinic  cholinergic  receptors  undergo  a  functional  blockade  but 
that  sufficient  recovery  would  allow  enhanced  behavioral  responses 
to  low  doses  of  nicotine  to  occur  within  24  hr,  as  has  been  shown 
behaviorally  by  Clarke  and  Kumar  (1983)  and  Ksir  and  coworkers 
(1985).  This  phenomenon  may  help  to  explain  the  tolerance  to 
nicotine  that  develops  with  repeated  exposure.  However,  the  time 
course  of  changes  in  receptor  number  and  other  biological  effects  of 
nicotine  must  be  carefully  compared  to  determine  mechanisms 
underlying  tolerance.  (See  Chapter  II  for  additional  discussion.) 

Several  investigators  have  used  in  vitro  autoradiography  to 
identify  "H-nicotine  binding  sites  in  the  rat  brain.  These  audioradio- 
graphic  binding  studies  suggest  where  nicotine  is  acting.  London, 
Waller,  and  Wamsley  (1985)  have  foimd  the  most  intense  localization 
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of  ^H-labeled  nicotine  in  the  interpeduncular  nucleus  and  medial 
habenula. 

Cerebral  metabolism  studies  also  suggest  key  sites  of  action. 
London  and  colleagues  (1985)  have  reported  that  nicotine  stimulated 
local  cerebral  glucose  utilization  (LCGU)  by  139  percent  over  that  of 
the  control  in  the  medial  habenula  and  by  50  to  100  percent  in  the 
superior  colliculus  and  the  anteroventral  thalamic  and  interpedun- 
cular nuclei.  Other  areas  of  the  brain  showed  moderate  or  no 
significant  changes.  These  effects  of  nicotine  were  blocked  by 
mecamylamine,  a  nicotinic  receptor  antagonist,  confirming  that  they 
acted  via  nicotinic  receptors.  Furthermore,  they  correlated  well  with 
the  distribution  of  ^H-nicotine  binding  in  the  brain  except  in  layer 
IV  of  the  neocortex,  which  showed  nicotine  binding  but  no  change  in 
LCGU.  Sites  that  show  increased  glucose  utilization  after  nicotine 
administration  are  probably  functionally  important  loci  of  nicotinic 
actions.  When  nicotine  binding  and  increased  energy  utilization  both 
occur  at  a  given  site,  it  is  likely  to  be  involved  in  nicotine's  actions. 

Neuroiendocrine  Effects  of  Nicotine 

Some  of  the  actions  of  nicotine  result  from  the  release  of  ACh  a.nd 
other  neurotransmitters,  including  norepinephrine  (NE).  Nicotinic 
cholinergic  agonists  including  nicotine,  carbachol,  and  l,l-dimethyl-4- 
phenylpiperazinium  (DMPP)  release  endogenous  ACh  from  the 
pres3niaptic  cholinergic  nerve  terminals  in  addition  to  stimulating 
postsynaptic  nicotinic  receptors  (Chiou  1973;  Chipu  and  Long  1969). 
Nicotinic  agonists  also  release  ACh  from  rat  cerebral  cortical 
synaptic  vesicles  and  can  release  newly  synthesized  ^H-ACh  from 
synaptosomes  prepared  from  the  myenteric  plexus  of  guinea  pig 
ileum  and  from  mouse  cortical  synapses  (Briggs  and  Cooper  1982; 
Rowell  and  Winkler  1984).  These  effects  are  Ca2+-dependent  and  are 
blocked  by  hexamethonium,  a  quartemary  nicotinic  receptor  antago- 
nist. In  addition,  nicotine-induced  release  of  ACh  in  the  hippocampal 
S3ntiaptosomes  is  blocked  by  the  ion  channel  blocker,  histrionicotoxin 
(Rapier  et  al.  1987).  There  is  good  evidence  that  nicotine  releases 
ACh  by  a  presynaptic  mechanism.  In  contrast,  presynaptic  musca- 
rinic receptors,  mostly  of  the  M2-subtype,  inhibit  ACh  release. 
Nicotine  administration  increases  the  amounts  of  other  chemicals  in 
the  blood  and  brain,  including  serotonin,  endogenous  opioid  peptides, 
pituitary  hormones,  catecholamines,  and  vasopressin  (Domino  1979; 
Oilman  et  al.  1985;  Marty  and  colleagues  1985).  These  chemicals  may 
be  involved  in  reinforcing  effects  of  nicotine  (see  Chapters  IV,  VI). 

Electrophysiological  Effects  of  Nicotine 

Nicotine  administration  is  accompanied  by  brain  wave  or  electro- 
encephalogram (EEC)  activation  in  animals  (Domino  1967).  The  EEGr- 
activating  effects  of  small  doses  of  nicotine  occur  in  intact  as  well  as 
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brainstem*transected  animals.  Nicotine  acts  primarily  directly  on 
brainstem  neuronal  circuits  to  produce  these  effects  (Domino  1967). 
However,  stimulation  of  peripheral  afferents  (Ginzel  1987)  and 
release  of  catecholamines  and  possibly  neurotransmitters  and  modu- 
lators, such  as  serotonin  or  histamine,  may  enhance  the  direct 
central  effects  of  nicotine. 

The  EEG-activating  effects  of  nicotine  result  in  behavioral  arousal 
(Domino,  Dren,  Yamamoto  1967).  In  cigarette  smokers,  nicotine 
produces  sedative  and  stimulant  effects  (Kumar  and  Lader  1981). 
Aceto  and  Martin  (1982)  have  reviewed  the  large  variety  of  nicotine 
effects  on  behavior  including  facilitation  of  memory,  the  increase  in 
spontaneous  motor  activity,  nicotine's  antinociceptive  properties, 
and  its  suppression  of  irritability.  These  behavioral  and  psychologi- 
cal effects  are  discussed  in  Chapters  IV  and  VI. 

Distribution  and  Cerebrai  IMetaboiic  Effects  of  Nicotine 

Nicotine,  administered  by  various  routes,  rapidly  enters  the  brain 
and  also  distributes  to  specific,  peripheral  organs.  Nicotine  produces 
a  distinct  pattern  of  stimulation  of  cerebral  metabolic  activity  that 
suggests  where  nicotine  acts  in  the  brain.  This  Section  reviews 
studies  on  the  distribution  of  nicotine  after  its  administration  to 
experimental  animals,  data  on  the  relationship  between  tissue  levels 
of  nicotine  and  the  drug's  biological  effects,  and  studies  on  mapping 
the  cerebral  metabolic  effects  of  nicotine,  in  the  rat  brain. 

Distribution  of  Nicotine 

Tissue  Distribution  of  Nicotine:  Time  Course  and  Other 
Considerations 

The  distribution  in  the  body  of  exogenously  administered  nicotine 
has  been  a  topic  of  interest  for  more  thiem  a  century  and  has  been 
reviewed  several  times  (Larson,  Haag,  Silvette  1961;  Larson  and 
Silvette  1968,  1971).  As  early  as  1851,  Orfila  described  experiments 
in  which  he  detected  nicotine  in  various  organs  (e.g.,  liver,  kidney, 
lungs)  and  in  the  blood  of  animals  after  nicotine  administration.  In 
the  1950s  the  development  of  radiotracer  methods  led  to  a  reexami- 
nation of  nicotine  distribution  in  the  body. 

Werle  and  Meyer  (1950)  found  that  the  brain,  comp^ed  with  other 
organs,  contained  the  highest  nicotine  levels  immediately  after 
injection  of  a  lethal  dose  in  guinea  pigs.  Tsujimoto  and  colleagues 
(1955)  found  a  high  concentration  of  nicotine  in  the  brain  after  the 
drug  was  administered  to  rabbits  and  dogs.  Yamamoto  (1955) 
observed  that  1  hr  after  a  subcutaneous  (s.c.)  injection  of  5  mg/kg  in 
the  rabbit,  the  nicotine  content  was  highest  in  the  kidney.  The 
pancreas,  ileum,  ventricular  muscle,  skeletal  muscle,  lung,  spleen, 
cerebral  cortex,  omental  fat,  and  liver  showed  progressively  lower 


82 


levels  of  nicotine  at  1  hr.  None  of  the  tissues  had  detectable  levels  at 
6  hr.  In  the  dog,  the  highest  level  at  1  hr  was  in  the  kidney,  followed 
by  the  pancreas,  brain,  ileum,  liver  and  omental  fat,  spleen,  heart, 
muscle,  and  lung. 

Schmiterlow  and  coUea^es  used  radiolabeled  nicotine  and  whole- 
body  autoradiography  to  study  the  distribution  of  nicotine  in  several 
species  (Hansson  and  Schmiterlow  1962;  Appelgren,  Hansson, 
Schmiterlow  1962,  1963;  Hansson,  Hoffman,  Schmiterlow  1964; 
Schmiterlow  et  al.  1965;  Schmiterlow  et  al.  1967).  After  radiolabeled 
nicotine  was  administered,  radioactivity  representing  nicotine  and 
its  metabolites  was  concentrated  in  some  oi^ans,  particularly  the 
brain.  Hansson  and  Schmiterlow  (1962)  injected  (S)-nicotine-methyl- 
^^C  intramuscularly  or  intravenously  (i.v.)  in  mice.  Within  5  min, 
high  concentrations  were  found  in  the  brain,  adrenal  medulla, 
stomach  wall,  and  kidney.  Lower  concentrations  were  observed  in 
the  liver,  skeletal  muscle,  and  blood,  but  all  concentrations  were 
higher  in  tissue  than  in  blood.  Activity  was  high  in  the  kidney  from  5 
min  to  4  hr  after  the  nicotine  injection,  with  the  highest  activity 
occurring  within  the  first  hour.  The  adrenal  medulla  maintained  a 
high  concentration  at  1  hr  and  4  hr  after  injection,  but  little  or  no 
activity  was  observed  at  24  hr.  At  30  min,  the  levels  were  high  in  the 
walls  of  large  blood  vessels  and  in  the  bone  marrow.  Radioactivity 
disappeaired  rapidly  from  the  brain. 

Appelgren,  Hansson,  and  Schmiterlow  (1962)  prepared  whole-body 
autoradiograms  of  mice  and  cats  given  i.v.  injections  of  ^^C-nicotine. 
An  initial,  heterogeneous  accumulation  of  radioactivity  occurred  in 
the  CNS.  Fifteen  minutes  after  the  radiotracer  injection,  the  cat 
brain  showed  distinctly  more  intense  labeling  of  grey  than  of  white 
matter.  Also  apparent  was  a  regional  distribution  within  grey 
matter  areas,  particularly  in  the  hippocampus.  By  30  min,  radioac- 
tivity was  reduced.  Studies  of  mice  demonstrated  a  high  concentra- 
tion of  label  in  the  brain  at  6  min.  By  30  min,  the  concentration  was 
high  in  salivary  glands,  stomach  contents,  liver,  and  kidneys,  while 
the  brain  was  almost  deyoid  of  radioactivity.  The  same  group  also 
showed  the  accumulation  of  ^"^C-nicotine  in  the  retina  of  the  eye  after 
i.v.  administration  (Schmiterlow  et  al.  1965). 

Fishman  (1963)  reported  that  in  rats  given  randomly  labeled  ^"^O 
nicotine  intraperitoneally  (i.p.)  and  killed  3  hr  later,  the  kidney 
contained  the  highest  conceiitration  of  radioactivity,  followed  by  the 
lung,  ,liver,  brain,  skeletal  muscle,  spleen,  and  heart.  In  the  dog, 
more  "C-nicotine  was  present  in  the  stomach  wall  than  in  any  other 
tissue  analyzed  3  hr  after  i.v.  injection  of  radioactive  nicotine. 

Yamamoto,  Inoki,  and  Iwatsubo  (1967)  gave  mice  s.c.  injections  of  5 
mg/kg  methyl-^^C-nicotine.  Five  minutes  later,  they  found  0.5  to  1 
[ig/g  (wet  weight)  of  nicotine  in,  various  brain  regions,  including  the 
cerebral  cortex,  superior  and  inferior  portions  of  the  brain  stem,  and 
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the  cerebellum.  Highest  lievels  were  detected  5  to  10  min  after 
ii^jection.  Maximum  levels  in  liver  and  whole  blood  were  observed  2 
and  10  min,  respectively,  after  the  injection. 

Yamamoto,  Inoki,  and  Iwatsubo  (1968)  studied  penetration  of  **C- 
nicotine  in  rat  tissues  in  vivo  and  in  vitro.  They  found  that  5  mg/kg, 
i.p.,  in  male  Wistar  rats  produced  the  following  maximum  tissue-to- 
blood  ratios  of  ^*C-nicotine  activity  after  10  to  20  min:  kidney,  8.7; 
liver,  6.7;  submaxillary  gland,  6.2;  cerebral  cortex,  3.5;  brainstem, 
2.4;  and  heart,  1.8.  When  they  incubated  tissue  slices  with  lO""*  M 
nicotine  for  30  min  at  37°C,  the  relative  uptake  of  the  label  was 
similar:  kidney  cortex,  2.6;  liver,  2.1;  submaxillary  gland,  2.1;  and 
cerebral  cortex,  2.0.  Penetration  in  slices  was  unaffected  by  uncou- 
pling oxidative  phosphorylation  or  blocking  metabolic  pathways, 
indicating  that  the  uptake  was  not  by  active  transport.  In  vivo, 
tissue-to-blood  ratios  were  greater  than  slice-to-medium  ratios, 
indicating  that  a  process  other  than  passive  diffusion  was  involved. 

Because  the  respiratory  tract  is  a  major  route  by  which  nicotine 
from  tobacco  smoke  enters  the  body,  Schmiterlow  and  coworkers 
(1965)  sprayed  ^'*C-nicotine  solution  directly  onto  the  trachea  of  mice. 
Autoradiograms  from  mice  killed  at  2  min  exhibited  a  high  amount 
of  radioactivity  in  the  respiratory  tract  and  lungs  and  showed  that 
nicotine  enters  the  CNS  rapidly  by  this  route  as  well.  At  15  min, 
radioactivity  still  persisted  in  the  lungs,  was  reduced  in  the  brain, 
and  appeared  in  large  amounts  in  the  kidneys  and  stomach. 

Uptake  and  distribution  of  nicotine  from  tobacco  smoke  have  also 
been  assessed.  Harris  and  Negroni  (1965)  exposed  mice  to  cigarette 
smoke  and  extracted  nicotine  from  the  lungs  (5  to  25  \ig).  Mattila  and 
Airaksinen  (1966)  exposed  guinea  pigs  to  the  smoke  of  one  4^  cigar 
over  a  period  of  40  min,  with  intermittent  ventilation  with  fresh  air, 
and  found  that  the  same  tissues  which  concentrated  nicotine 
administered  by  other  routes  also  showed  nicotine  uptake  from 
smoke.  Organ-to-blood  ratios  were  lung,  2.0;  spleen,  3.0;  intestine, 
2.9;  and  brain,  1.1. 

The  use  of  positron-emitting  radiotracers  permits  in  vivo  estima- 
tion of  nicotine  uptake  into  the  brain  and  other  organs,  offering  the 
potential  of  eventually  relating  nicotine  action  in  the  living  human 
brain  to  behavioral  and  disease  states.  Maziere  and  coworkers  (1976) 
prepared  (S)-nicotine-methyl-^^C,  which  they  administered  by  i.v. 
injection  to  mice  and  rabbits.  The  time  course  of  the  radiotracer 
confirmed  earlier  studies  and  showed  a  maximum  concentration  in 
the  5  min  following  injection,  except  in  the  liver  and  spleen.  Highest 
radioactivity  was  in  kidneys  and  brain,  followed  by  liver  and  lungs. 
The  brain  activity  dropped  rapidly,  whereas  the  kidney  concentra- 
tion remained  high  (8  percent  of  injected  dose)  at  50  min  after  the 
injection.  External  imaging  by  a  y  camera  showed  considerable 
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radioactivity  in  the  head,  kidneys,  and  liver.  Brain  activity  decreased 
sharply  over  1  hr,  while  activity  remained  high  in  liver  and  kidneys. 

Maziere  and  coworkers  (1979)  used  "C-nicotine  and  positron 
emission  tomography  (PET)  in  baboons  and  found  that  "C-nicotine 
readily  penetrated  into  the  brain  and  then  dropped  sharply  with 
time.  Radioactivity  was  high  in  the  temporal  lobe,  cerebellum, 
occipital  cortex,  pons,  and  medulla  oblongata.  There  was  also  a  high, 
stable  radioactivity  level  in  the  retina,  consistent  with  the  earlier 
observation  that  radioactivity  from  ^*C-nicotine  is  found  in  the 
retina  after  i.v.  administration  (Schmiterlow  et  al.  1965). 

Heterogeneity  of  Nicotine  Uptake:  Microautoradiographic  and 
Subcellular  Studies 

Appelgren,  Hansson,  and  Schmiterlow  (1963)  used  a  microautora- 
diographic method  to  study  the  localization  of  nicotine  within  the 
superior  cervical  ganglion  of  the  cat.  Most  of  the  radioactivity  was 
localized  in  the  ganglion  cells,  with  little  labeling  of  satellite  cells 
and  connective  tissue. 

Schmiterlow  and  coworkers  (1967),  using  microautoradiograms  of 
mouse  brains  after  injection  of  ^''C-nicotine  and  ^H-nicotine,  reported 
that  nicotine  is  concentrated  in  nerve  cells.  Brain  areas  with  a  high 
density  of  nerve  cells,  such  as  the  molecular  and  pyramidal  cell 
layers  of  the  hippocampus  and  the  molecular  layer  of  the  cerebel- 
lum, contained  high  amounts  of  radioactivity. 

Yamamoto,  Inoki,  and  Iwatsubo  (1967)  studied  accumulation  of 
^'*C-nicotine  into  subcellular  fractions  (nuclear,  mitochondrial,  nerve 
ending,  microsomal,  soluble)  of  mouse  brain  after  i.p.  injection  of  5 
mg/kg  (20  |xCi/kg).  Most  of  the  radioactivity  was  in  the  soluble 
fraction.  Less  than  one-tenth  of  the  radioactivity  in  the  soluble 
fraction  was  found  in  microsomes  and  nerve  endings;  however, 
radioactivity  levels  in  microsomes  were  somewhat  higher  than  in 
nerve  endings. 

Effects  of  Nicotine  on  Cerebral  Metabolism 

Following  the  demonstration  that  ^H-nicotine  binds  stereoselec- 
tively  and  specifically  in  preparations  of  rat  brain  (Yoshida  and 
Imura  1979;  Martin  and  Aceto  1981;  Marks  and  Collins  1982),  brain 
binding  sites  were  visualized  (Clarke,  Pert,  Pert  1984)  and  qutintified 
(London,  Waller,  Wamsley  1985)  by  light  microscopic  autoradiogra- 
phy. However,  mapping  nicotinic  binding  sit^  or  identifying  specific 
binding  sites  for  any  drug  or  neurotransmitter  does  not  necessarily 
mean  that  receptors  are  coupled  to  pharmacologic  actions.  An 
example  of  nonfunctional,  stereoselective,  specific  binding  is  that  of 
^H-naloxone  to  glass  fiber  filters  (Hoffman,  Altschuler,  Fex  1981).  In 
addition,  because  the  brain  is  a  highly  interconnected  organ,  drugs 
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may  produce  effects  in  brain  regions  remote  from  their  initial 
receptor  interactions.  Receptor  maps  would  show  primary  binding 
sites  but  not  sites  where  important  secondary  actions  might  occur. 

Functional  mapping  procedures,  such  as  the  use  of  autoradio- 
graphic techniques  to  measure  rates  of  LCGU  and  regional  cerebral 
blood  flow,  are  another  way  to  determine  the  sites  of  the  in  vivo 
effects  of  nicotine  in  the  brain.  The  2-deoxy-D-[l-^*C]glucose  (2-DG) 
method  for  measuring  LCGU  (Sokoloff  et  al.  1977)  has  been  used  to 
demonstrate  a  relationship  between  local  cerebral  function  and 
glucose  utilization  under  a  wide  variety  of  experimental  conditions, 
including  pharmacologic  treatments  (Sokoloff  1981;  McCuUoch 
1982).  The  effects  of  acute,  s.c.  injections  of  nicotine  on  LCGU  were 
examined  by  London  and  colleagues  (1985,  1986)  and  by  London, 
Szikszay,  and  Dam  (1986),  while  Griinwald,  Schrock,  and  Kuschinsky 
(1987)  measured  the  effects  on  LCGU  of  constant  plasma  levels  of 
nicotine  produced  by  i.v.  infusion. 

Subcutaneous  injections  of  nicotine  stimulated  LCGU  in  specific 
brain  regions  (Table  1,  Figure  1),  including  portions  of  the  visual, 
limbic,  and  motor  systems.  Effects  of  nicotine  infusion  genersdly 
paralleled  those  obtained  with  s.c.  injections.  The  greatest  increase 
in  response  to  s.c.  nicotine  occurred  in  the  medial  habenula.  Marked 
increases  in  LCGU  were  noted  in  the  anteroventral  thalamic 
nucleus,  interpeduncular  nucleus,  and  superior  colliculus.  Moderate 
increases  were  seen  in  the  retrosplenial  cortex,  interanteromedial 
thalamic  nucleus,  lateral  geniculate  body,  and  ventral  tegmental 
area.  No  significant  effects  were  observed  in  the  frontoparietal 
cortex^  lateral  habenula,  or  central  grey  matter.  LCGU  responses  to 
S.C.  injection  of  nicotine  were  completely  blocked  by  mecamylamine, 
indicating  the  specificity  of  nicotine  effects. 

The  effects  of  nicotine  on  LCGU  correlate  well  with  the  distribu- 
tions of  ^H-nicotine  binding  sites  (Clarke,  Pert,  Pert  1984;  London, 
Waller,  Wamsley  1985).  Areas  such  as  the  thalamic  nuclei,  the 
interpeduncular  nucleus,  medial  habenula,  and  the  superior  collicu- 
lus, where  there  is  dense  labelii^  with  ^H-nicotine,  show  moderate  to 
marked  nicotine-induced  LCGU  increases.  Areas  with  less  specific 
binding  show  smaller  LCGU  responses  to  nicotine,  and  the  central 
grey  matter,  which  lacks  specific  ^H-nicotine  binding,  shows  no 
LCGU  response.  Similarly,  nicotine  dramatically  increases  LCGU  in 
the  medial  but  not  the  lateral  habenula,  reflecting  different  densities 
of  ^H-nicotine  binding  sites.  In  general,  ^H-nicotine  binding  sites 
visualized  autoradiographically  in  the  rat  brain  are  functional 
nicotine  receptors.  However,  layer  IV  of  the  neocortex  displajrs 
significant  ^H-nicotine  binding,  but  lacks  an  LCGU  response. 

In  most  brain  areas,  significant  LCGU  stimulation  was  obtained 
with  0.3  mg/kg  of  nicotine  s.c.  (London  et  al.  1986),  a  dose  similar  to 
one  used  successfully  in  training  rats  to  distinguish  nicotine  from 
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TABLE  1.— R,S-Nicotine  effects  on  glucose  utilization  in  the 

rat  brain 


Local  cerebral  glucose  utilization 
((unol/100  g  tissue/minute) 


Brain  region 

Saline  control 

Nicotine  (1.75  mg/kg) 

Frontoparietal  cortex,  layer  IV 

110 

±  8.1 

108  ±  6.5 

Retrosplenial  cortex,  layer  I 

98 

±  6.5 

123  ±  5.1' 

Thalamic  nuclei 

Anteroventral 

109 

±  6.5 

201  ±  6.1' 

Interanteromedial 

125 

±  8.6 

175  ±  12.3' 

Lateral  geniculate  body 

82 

±  6.8 

106.±  4.4' 

Interpeduncular  nucleus 

99 

±  9.8 

182  ±  9.3' 

Medial  habenula 

70 

±  5.2 

167  ±3.7' 

Superior  coUiculus 

72 

±  5.2 

142  ±  4.6' 

Central  gr«y  matter 

66 

±  4.0 

77  ±4.3 

NOTE:  Results  are  expressed  as  the  means  plus  or  minus  standard  deviation  for  four  rats  per  group. 
'Significantly  different  from  saline  control  (pgCOS). 
SOURCE:  London  et  al.  U985). 


FIGURE  1.— Effect  of  subcutaneous  R,S-nicotine  (1  n^/kg,  2 
min  before  2-deoxyglucose)  on 
autoradiographic  grain  densities,  representing 
glucose  utilization 

NOTE:  Photographs  of  x-ray  fUm  exposed  to  20-)im  brain  sections  from  control  rat  (A)  given  0.9  percent  sodium 
chloride  (1  mh/kg)  and  another  rat  (B)  given  nicotine;  note  the  increased  density  in  medial  habenula  (mh)  and 
fasciculus  retroflexus  (fr). 

SOURCE:  London  et  al.  (1986). 

saline  in  a  T-maze  apparatus  (0.4  mg/kg,  s.c.)  (Overton  1969). 
Nicotine-induced  stimulation  of  LCGU  in  the  ventral  tegmental  area 
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and  the  habenular  complex  (London  et  al.  1985, 1986)  may  relate  to 
the  reinforcing  properties  of  the  drug  (see  Chapter  IV).  These  regions 
of  the  brain  have  been  implicated  in  drug-  and  stimulation-induced 
reward  systems,  respectively  (Wise  1980;  Nakajima  1984).  Additional 
studies,  using  specific  conditions  under  which  nicotine  is  reinforcing, 
are  needed  to  elucidate  the  anatomical  loci  involved  in  nicotine- 
induced  reward  and  to  identify  the  neurophysiological  mechanisms 
by  which  nicotine  acts  as  a  reinfbrcer. 

Nicotine  Receptors 

Nicotine  exerts  diverse  pharmacologic  effects  in  both  the  peripher- 
al nervous  system  (PNS)  and  CNS.  The  peripheral  actions  of  nicotine 
are  important,  and  some  may  reinforce  the  self-administration  of 
nicotine.  For  example,  stimulation  in  the  trachea  (Rose  et  al.  1984) 
seems  to  be  involved  in  some  of  the  pleasurable  effects  of  smoking. 
Skeletal  muscle  relaxation  and  electrocortical  arousal,  both  stimu- 
lated by  actions  of  nicotine  in  the  lung  (Ginzel  1967a,b,  1975,  1987), 
may  contribute  to  habitual  tobacco  use  (Chapter  VI).  However,  it  is 
generally  believed  that  the  central  actions  of  nicotine  are  of  primary 
importance  in  reinforcing  tobacco  use  (Chapter  IV).  In  animals,  the 
neuropsychopharmacologic  effects  of  this  drug  are,  with  few  if  any 
exceptions,  mediated  through  central  sites  of  action.  These  effects 
are  likely  to  contribute  to  the  drug's  reinforcing  properties  in 
animals  and  humans  (Clarke  1987b).  In  addition,  the  effects  of 
nicotinic  antagonists  on  tobacco  smoking  in  humans  (Stolerman  et 
al.  1973)  and  in  rhesus  monkeys  ..(Glick,  Jarvik,  Nakamura  1970) 
suggest  a  central  site  of  reinforcement,  but  do  not  rule  out  a 
peripheral  site.  To  understand  these  actions,  it  is  important  to  know 
exactly  where  nicotine  acts  in  the  body.  This  Section  discusses 
evidence  for  nicotine  receptors. 

Peripheral  Nicotine  Receptors 

In  the  mammalian  PNS,  nicotine  and  muscarine  mimic  different 
actions  of  ACh  by  acting  at  different  types  of  cholinergic  receptors. 
Nicotinic  cholinergic  receptors  (nAChRs)  have  been  subdivided 
according  to  location  and  sensitivity  to  nicotinic  antagonists.  Recep- 
tors of  the  C6  or  "ganglionic"  type  are  found  principally  at 
autonomic  ganglia,  in  the  adrenal  medulla,  and  at  sensory  nerve 
endings;  nicotinic  cholinergic  transmission  in  autonomic  ganglia  is 
selectively  blocked  by  hexamethonium  and  certain  other  compounds. 
Receptors  of  the  "neuromuscular"  type  (sometimes  referred  to  as 
CIO  type)  are  located  on  the  muscle  endplate,  where  transmission  is 
selectively  blocked  by  compounds  such  as  decsimethonium  and  alpha- 
bungarotoxin  (a-BTX). 
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Higher  doses  of  nicotine  are  required  to  stimulate  nAChRs  in 
skeletal  muscle  than  at  autonomic  ganglia.  Ganglionic  nAChRs 
appear  to  be  more  sensitive  than  their  neuromuscular  counterparts, 
not  only  to  the  stimulant  but  also  to  the  desensitizing  actions  of 
nicotine  (Paton  and  Savini  1968).  Doses  of  nicotine  obtained  by 
smoking  cigarettes  do  not  appear  to  affect  the  muscle  endplate 
directly.  Therefore,  if  the  CNS  were  to  possess  both  types  of  nAChR, 
doses  of  nicotine  obtained  by  normal  cigarette  smoking  might  affect 
only  the  C6-receptor  population.  Accordingly,  many  of  the  central 
effects  of  nicotine  in  vivo  and  in  vitro  are  reduced  or  blocked  by 
nicotinic  antagonists  that  are  C6-selective  in  the  periphery.  The 
most  widely  used  C6-selective  antagonist  is  mecaniylamine,  which 
passes  freely  into  the  CNS  after  systemic  administration.  Mecamy la- 
mine  antagonizes  actions  of  nicotine  in  the  brain  and  spinal  cord,  as 
revealed  by  behavioral  (Collins  et  al.  1986;  Goldberg,  Spealman, 
Goldberg  1981)  and  electrophysiological  experiments  (Ueki,  Koketsu, 
Domino  1961)  and  also  by  studies  of  neurotransmitter  release  OHery 
et  al.  1977;  Chesselet  1984).  There  have  been  few  attempts  to 
determine  whether  these  central  nicotinic  actions  are  also  blocked 
by  neuromuscular  antagonists,  while  several  studies  support  the 
existence  of  central  C6  nAChRs  (Aceto,  Bentley,  Dembinski  1969; 
Brown,  Docherty,  Halliwell  1983;  Caulfield  and  ffiggins  1983;  Egan 
and  North  1986). 

The  search  for  putative  central  a-BTX  nAChRs  has  been  hindered 
by  several  factors,  including  the  central  convulsant  actions  of  a-BTX 
antagonists  (Cohen,  Morley,  Snead  1981)  and  the  probable  need  to 
deliver  locally  high  concenttatidns  of  nicotine.  Nevertheless,  several 
studies  have  demonstrated  actions  of  nicotine  or  cholinergic  agonists 
that  can  be  reduced  or  blocked  by  a-BTX,  which  acts  selectively  at 
neuromuscular  nAChRs  (Zatz  and  Brownstein  1981;  Farley  et  al. 
1983;  de  la  Garza  et  al.  1987a). 

Radioligand  Binding  to  Putative  Nicotine  Cholinergic 
Receptors  in  Mammalian  Brain 

Many  receptors  for  neurotransmitters  in  the  brain  have  been 
identified  through  the  use  of  radiolabeled  probes  (radioligands). 
Attempts  to  label  putative  brain  nAChRs  have  used  compounds  with 
known  potency  at  peripheral  sites  (see  Table  2). 

Agonist  Binding 

The  stereospecific,  saturable,  and  reversible  binding  of  ^H-nicotine 
to  rodent  brain  is  well-described  (Romano  and  Goldstein  1980;  Marks 
and  Collins  1982;  Costa  and  Murphy  1983;  Ben  well  and  Balfour 
1985a;  Clarke,  Pert,  Pert  1984).  Most  studies  have  demonstrated  the 
existence  of  a  population  of  high-affinity  binding  sites  (reflected  by  a 
dissociation  constant  in  the  low  nanomolar  range)  that  is  potently 
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TABLE  2. — Radioligands  for  putative  nicotinic  cholinergic 
receptors  in  mammals 


Antagonists 

jL>ina 

Functional 
antagonism 

oibes  exauiineu 

Agonists 

Vac 

Z  6S 

Muscle  endplat© 

H-nicotine 

Yes 

les 

Autonomic  ganglia,  spinal  cord 

zes 

iGS 

Brain  (certain  sites  only) 

H-methyl-carbachol 

'-■'''I-naja  toxin 

Yes 

Yes 

Muscle  endplate 

^H-ACh  (with  excess 

Brain 

muscarinic  antagonist 

and  AChE  inhibitor) 

^H-dTC 

ND 

Yes 

Muscle,  spinal  cord,  ganglia 

les 

les 

Brain 

=»H-DHBE 

ND 

Yes 

Muscle,  autonomic  ganglia  ' 

Yes 

Yes 

Brain,  spinal  cord 

Neosurugatoxin 

ND 

No 

Muscle  endplate 

ND 

Yes 

Autonomic  ganglia 

Yes 

Yes 

Brain  (inhibits  'H-nicotine) 

'ND=no  data. 


inhibited  by  nicotinic  agonists  including  ACh.  In  contrast,  most 
nicotinic  antagonists  have  very  low  affinity  for  this  site.  Binding 
with  similar  characteristics  has  been  reported  in  rat  brain  tissue 
with  ^H-methyl-carbachol  (Abood  and  Grassi  1986;  Boksa  and 
Quirion  1987)  and  with  *H-ACh  in  the  presence  of  excess  atropine  to 
prevent  binding  to  muscarinic  receptor  sites  (Schwartz,  McGee, 
Kellar  1982). 

In  the  presence  of  atropine,  tritiated  nicotine  and  ^H-ACh  proba- 
bly bind  to  the  same  population  of  high-affinity  sites  in  rat  brain. 
Thus,  the  two  radioligands  share  the  same  neuroanatomical  distribu- 
tion of  binding  (Clarke,  Schwartz  et  al.  1985;  Marks  et  al.  1986; 
Martino-Barrows  and  Kellar  1987).  Binding  of  both  ligands  is 
inhibited  with  similar  potency  by  a  range  of  nicotinic  agents,  is  up- 
regulated  by  chronic  nicotine  treatment  in  vivo,  is  down-regulated  by 
chronic  treatment  with  acetylcholinesterase  inhibitors,  and  is  dimin- 
ished by  disulfide  reducing  agents  in  vitro  (Marks  et  al.  1986; 
Martino-Barrows  and  Kellar  1987;  Schwartz  and  Kellar  1983). 
Although  less  well  studied,  it  appears  that  sites  labeled  by  ''H- 
methyl-carbachol  are  the  same  as  those  labeled  by  ^H-ACh  and  ^H- 
nicotine  (Abood  and  Grassi  1986;  Boksa  and  Quirion  1987).  High- 
affinity  nicotine  binding  sites  have  been  found  in  brain  tissue  of  mice 
(Marks  and  Collins  1982),  rats  (Romano  and  Goldstein  1980), 
monkeys  (Friedman  et  al.  1985),  and  humans  (Shimohama  et  al. 
1985;  Flynn  and  Mash  1986;  Whitehouse  et  al.  1986). 

Some  investigators  have  reported  a  second  class  of  sites  which  are 
characterized  b^  lower  binding  affinity  and  higher  capacity  for  ^H- 
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nicotine.  With  no  demonstrated  differential  anatomical  distribution 

or  stereoselectivity  (Romano  and  Goldstein  1980;  Marks  and  Collins 
1982;  Benwell  and  Balfour  1985b),  these  low-affinity  sites  are  of 
questionable  pharmacologic  significance,  but  may  be  the  result  of 
post  mortem  proteolysis  (Lippiello  and  Fernandes  1986).  Careful 
analysis  of  ^H-nicotine  binding  conducted  in  the  absence  of  protease 
inhibitors  has  revealed  the  existence  of  five  affinity  sites  or  states 
(Sloan,  Todd,  Martin  1984).  Functional  studies  (Martin  et  al.  1986) 
suggest  that  some  of  these  different  sites  may  represent  in  vivo  sites 
of  action  for  nicotine,  although  it  is  not  clear  which  if  any  would  be 
activated  by  nicotine  doses  obtained  from  typiced  cigarette  smoking. 

Radioligand  Binding 

Many  receptors  of  different  nicotine  binding  affinities  have  been 
reported.  It  is  unclear  whether  these  reflect  different  conformational 
states  or  binding  sites  of  a  single  type  of  receptor,  distinct  receptor 
populations,  or  a  single  type  of  high-affinity  site  which  has  under- 
gone proteolytic  degradation.  Preliminary  evidence  supports  the 
existence  of  distinct  receptor  subtypes  labeled  by  agonists.  Two 
coniponents  of  high-affinity  ?H-nicotine  binding,  differing  in  their 
affinity  for  neosurugatoxin,  can  be  distinguished  in  rat  brain.  The 
relative  proportion  of  these  two  components  differs  in  different 
regions  of  the  rat  brain,  suggesting  that  they  are  physically  distinct 
receptors  (Yamada  et  al.  1985). 

Antagonist  Binding 

Most  studies  of  nicotine  binding  in  mammalian  brain  have  used 
radioiodinated  a-BTX  ("'^I-BTX),  which  binds  with  high  affinity  and 
in  a  saturable  manner  to  sites  in  mammalian  brain  (Schmiidt,  Hunt, 
Polz-Tejera  1980;  Oswald  and  Freeman  1981).  This  binding  is 
selectively  inhibited  by  nicotinic  agents,  including  nicotine  and  ACh. 
Cobra  (naja)  alpha-toxin,  like  a-BTX,  is  a  selective  neuromuscular 
blocker  in  the  mammal,  and  appears  to  label  the  same  sites  as  a-BTX 
in  mammalian  brain.  Binding  is  potently  inhibited  by  unlabeled  a- 
BTX  and  has  a  regional  distribution  resembling  that  of  ^^®I-BTX 
binding  (Speth  et  al.  1977).  The  antagonist  dihydro-beta-erythroidine 
(DHBE)  binds  to  two  sites  in  rat  brain,  but  the  regional  distribution 
of  binding  differs  from  that  of  ^^®I-BTX  (Williams  and  Robinson 
1984).  DHBE  acts  with  similar  potency  at  both  types  of  peripheral 
nAChR  in  vivo.  It  is  not  clear  whether  *H-d-tubocurarine  binding  is 
selectively  inhibited  by  nicotinic  agents.  In  rat  brain,  ^^^I-BTX  binds 
to  a  distinct  population  of  sites  that  are  not  labeled  with  high  affinity 
(nanomolar  kD)  by  tritiated  nicotinic  agonists.  Radioiodinated  a- 
BTX  sites  have  a  different  neiuroanatomical  distribution  (Marks  and 
CdlUns  1982;  Schwartz,  McGee,  Kellar  1982;  Clarke,  Schwartz  et  al. 
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1985)  and  can  be  physically  separated  from  tritiated  agonist  binding 
sites  by  affinity  chromatography  (Schneider  and  Betz  1985;  Wonna- 
cott  1986).  This  type  of  study  helps  to  determine  the  location  and 
numbers  of  nicotine  binding  sites. 

Functional  Significance  of  Nicotinic  Binding  Sites 

High-Affinity  Agonist  Binding  Sites 

Brain  sites  which  bind  *H-ACh  and  ^H-nicotine  with  high  affinity 
represent  nAChRs  that  respond  in  some  ways  like  the  C6  type  of 
receptor  found  in  the  periphery  (Clarke  1987a).  Studies  using  the  2- 
DG  technique  have  revealed  that  the  neuroanatomical  pattern  of 
cerebral  activation  following  the  systemic  administration  of  nicotine 
in  rats  is  strikingly  similar  to  the  distribution  of  high-affinity  agonist 
binding  demonstrated  autoradiographically  (London  et  al.  1985; 
Grunwald,  Schrok,  Kuschinsky  1987).  Pretreatment  with  mecamyla- 
mine  blocks  the  effects  of  nicotine  on  LCGU,  suggesting  that 
putative  ganglionic  (C6-type)  receptors  in  the  brain  are  associated 
with  high-affinity  agonist  binding. 

Most  of  nicotine's  actions  on  central  receptors  are  blocked  by  the 
C6-selective  antagonist  mecamylamine.  The  relevant  nAChRs  are 
probably  those  which  are  labeled  with  high  affinity  by  tritiated 
agonists.  However,  the  absence  of  high-affinity  agonist  binding  sites 
in  PC12  cells  (derived  from  a  pheochromocytoma  cell  line)  known  to 
express  C6-type  receptors  (Kemp  and  Morley  1986)  indicates  that 
although  central  and  ganglionic  nAChRs  have  pharmacologic  simi- 
larities, they  may  not  be  identical  at  the  molecular  level. 

High-affinity  agonist  binding  sites  are  relevant  to  long-term  effects 
of  human  tobacco  smoking.  Recently,  Benwell,  Balfour,  and  Ander- 
son (in  press)  observed  that  the  density  of  high-affinity  '^H-nicotine 
binding  in  post  mortem  human  brain  is  higher  in  smokers  than  in 
nonsmokers.  The  increased  density  of  sites  in  smokers  is  consistent 
with  studies  in  animals  that  show  that  chronic  treatment  with 
nicotine  leads  to  an  increased  number  of  nicotinic  receptors  in  the 
brain  (Schwartz  and  Kellar  1983;  Marks,  Burch,  Collins  1983b). 

Alpha-Bungarotoxin  Binding  Sites 

Although  a-BTX  does  not  block  nicotinic  actions  in  all  areas  of  the 
CNS  (Duggan,  Hall,  Lee  1976;  Egan  and  North  1986),  there  are 
several  reports  of  antagonism  (Zatz  and  Brownstein  1981;  Farley  et 
al.  1983;  de  la  Garza  et  al.  1987a).  In  the  rat  cerebellum,  locally 
applied  nicotine  alters  single-unit  activity  in  a  manner  dependent  on 
cell  type:  nicotine  excites  interneurons  but  inhibits  Purkinje  cells. 
Both  actions  are  directly  postsynaptic  (de  la  Garza  et  al.  1987,  in 
press(b)).  The  inhibitory  effects  of  nicotine  are  blocked  by  hexame- 
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thonium  but  not  by  a-BTX,  which  does  block  the  excitatory  effects 
(de  la  Garza  et  al.,  in  press(a)). 

Strain  differences  exist  in  mice  in  the  physiological  and  behavioral 
effects  of  nicotine,  in  the  development  of  tolerance  to  these  effects, 
and  in  the  regional  distribution  of  ^^^I-BTX  binding  density  (Marks, 
Burch,  Collins  1983a;  Marks,  Stitzel,  Collins  1986).  The  genetically 
determined  variation  in  response  is  not  readily  explained  by 
differences  in  brain  nicotinic  receptors.  However,  a  classical  genetic 
analysis  indicates  that  the  density  of  "^I-BTX  binding  sites  in  mouse 
hippocampus  correlates  with  susceptibility  to  seizures  induced  by 
high  doses  of  nicotine  (Miner,  Marks,  Collins  1984).  These  and  other 
considerations  (Clarke  1987a)  suggest  that  ^^^I-BTX  may  label  a 
subtype  of  nAChR  in  the  brain  and  that  this  receptor  is  pharmaco- 
logically akin  to  the  nAChR  found  in  muscle. 

Although  ^^'^I-BTX  binding  sites  are  found  in  human  brain,  the 
available  evidence  suggests  that  nicotine  at  doses  obtained  from 
cigarette  smoking  does  not  activate  this  population  of  brain  nAChRs. 
Rather,  the  pattern  of  neuronal  activation  that  follows  the  in  vivo 
administration  of  nicotine  in  animal  experiments,  even  in  doses  far 
greater  than  those  likely  to  occur  during  smoking,  resembles  the 
neuroanatomical  distribution  of  high-affinity  agonist  binding  sites 
(London  et  al.  1985;  Grunwald,  Schrok,  Kuschinsky  1987).  However, 
this  issue  is  not  conclusively  resolved,  and  a  potential  role  for 
bungarotoxin  binding  receptors  in  mediating  effects  of  smoking 
cannot  be  completely  excluded. 

Behavioral  and  Physiological  Studies 

The  effects  of  mecamylamine  on  several  responses  elicited  by 
nicotine  in  mice  have  been  examined  (Collins  et  al.  1986).  The 

responses  are  of  two  major  classes:  those  blocked  by  low  doses  of 
mecamylamine  (inhibitory  concentrations  for  50  percent  of  mice 
tested  (IC50)  <0.1  mg/kg)  (seizures  and  startle  response)  and  those 
blocked  .by  higher  doses  (IC50  approximately  1  mg/kg)  (effects  on 
respiratory,  heart  rate,  body  temperature,  and  Y-maze  activity). 
Strain  differences  are  also  apparent  in  the  sensitivity  to  mecamyla- 
mine blockade.  These  findings  are  consistent  with  the  existence  of  at 
least  two  types  of  central  nAChR. 

The  Neuroanatomical  Distribution  of  Nicotinic  Binding 
Sites  in  the  Brain 

High-Affinity  Agonist  Binding  Sites 

Rodent 

Autoradiographic  maps  of  high-affinity  nicotinic  binding  sites  in 
rat  brain  are  essentially  identical  for  *H-nicotine,  ®H-ACh,  and  'H- 
methyl-carbachol  (Clarke,  Pert,  Pert  1984;  Clarke,  Schwartz  et  al. 
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1985;  London,  Waller,  Wamsley  1985;  Boksa  and  Quirion  1987). 
Dense  labeling  is  observed  (1)  in  the  medial  habenula  and  interpe- 
duncular nucleus,  which  appear  to  belong  to  a  common  cholinergic 
system;  (2)  in  the  so-called  specific  motor  and  sensory  nuclei  of  the 
thalsimus  and  in  layers  III  and  IV  of  cerebral  cortex  with  which  they 
communicate;  (3)  in  the  substantia  nigra  pars  compacta  and  ventral 
tegmental  area,  where  labeling  is  associated  with  dopaminergic  cell 
bodies  (Clarke  and  Pert  1985);  and  (4)  in  the  molecular  layer  of  the 
dentate  gyrus,  the  presubiculum,  and  the  superficial  layers  of  the 
superior  coUiculus.  Labeling  is  sparse  in  the  hippocampus  and 
hjrpothalamus. 

Monkey 

The  autoradiographic  distribution  of  high-affinity  ^H-nicotine 
binding  in  rhesus  monkey  brain  is  similar  to  that  in  the  rat 
(Friedman  et  al.  1985).  Dense  labeling  has  been  noted  in  the  anterior 
thalamic  nuclei  and  in  a  band  within  cerebral  cortex  layer  III.  The 
latter  band  is  densest  and  widest  in  the  primary  sensory  areas. 
Several  other  thalamic  nuclei  are  moderately  labeled,  but  as  in  the 
rat,  the  label  is  sparse  in  the  midline  thalamic  nuclei.  In  contrast  to 
findings  for  the  rat,  the  medial  habenula  appears  unlabeled. 

Human 

High-affinity  agonist  binding  has  not  been  mapped  autoradio- 
graphically  in  human  brain.  However,  assays  of  a  few  dissected  brain 
areas  suggest  the  following  pattern:  nucleus  basalis  of  Meynert  > 
thalamus  >  putamen  >  hippocampus,  cerebellum,  cerebral  cortex, 
and  caudate  nucleus  (Shimohama  et  al.  1985).  Two  affinity  sites  for 
^H-nicotine  have  been  detected,  and  the  regional  distribution 
observed  reflects  the  presence  of  both  sites. 

Alpha-Bungarotoxin  Binding  Sites 

Because  ^^®I-BTX  sites  may  not  be  relevant  to  tobacco  smoking, 
they  will  be  discussed  only  briefly  here.  There  are  clear  differences  of 

regional  distribution  not  only  between  mice  and  rats,  but  also 
between  different  strains  of  mice  (Marks  et  al.  1986).  The  autoradio- 
graphic distribution  of  ^^^I-BTX  labeling  in  rat  brain  is  strikingly 
different  from  the  pattern  of  ^H-agonist  labeling,  with  highest  site 
density  in  hippocampus,  hypothalamus,  and  superior  and  inferior 
coUiculi  (Clarke,  Schwartz  et  al.  1985).  An  attempt  to  map  ^^''I-BTX 
binding  in  human  brain  was  hampered  by  a  high  degree  of 
nonspecific  binding,  with  diffuse  specific  labeling  in  the  hippocam- 
pus and  cerebral  cortex  (Lang  and  Henke  1983). 
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Molecular  Biology 

Goldman  and  colleagues  have  mapped  regions  in  the  brain  which 
contain  cell  bodies  expressing  RNA  that  codes  for  putative  nAChRs. 
The  RNA  identified  is  homologous  to  cDNA  clones  encoding  the 
alpha  subunits  of  the  muscle  nAChR  and  a  putative  neuronal 
nAChR  (Goldman  et  al.  1986;  Goldman  et  al.  1987).  These  and 
related  findings  show  that  a  family  of  genes  exists  that  codes  for 
proteins  similar  to,  but  not  identical  with,  the  muscle  nAChR.  The 
functional  role  of  these  putative  nAChR  subtypes  in  the  CNS  is  not 
clear. 

Central  Nicotinic  Cholinergic  Receptors:  Pre-  or 
Postsynaptic? 

Presynaptic  Regulation  of  Neurotransmitter  Release 

The  release  of  ACh  from  some  nerve  terminals  in  the  CNS  (Rowell 
and  Winkler  1984;  Beani  et  al.  1985)  and  periphery  (Briggs  and 
Cooper  1982)  is  increased  by  activation  of  presynaptic  nicotinic 
"autoreceptors."  Preliminary  evidence  from  lesion  experiments 
suggests  that  some  nicotinic  autoreceptors  in  the  brain  may  be  high- 
affinity  ''H-nicotine  binding  sites  (Clarke  et  al.  1986). 

Nicotine  also  modulates  the  release  of  certain  other  neurotrans- 
mitters by  acting  at  receptors  located  on  nerve  terminals.  This  form 
of  regulation  has  been  shown  for  dopaminergic,  noradrenergic,  and 
serotonergic  terminals  (Starke  1977;  Chesselet  1984).  Lesion  studies 
suggest  that  these  receptors  are  labeled  by  ^H-agonists  (Schwartz, 
Lehmann,  Kellar  1984;  Clarke  ^nd  Pert  1985;  Prutsky,  Shaw, 
Cynader  1987). 

Somatodendritic  Postsynaptic  Actions 

Much  of  ^H-agonist  labeling  probably  represents  nAChRs  located 
on  neuronal  cell  bodies  or  dendrites.  For  example,  nicotine  excites 
neurons  postsynaptically  in  the  medial  habenula,  locus  coeruleus, 
and  interpeduncular  nucleus,  all  areas  of  moderate  to  dense  ^H- 
agonist  binding  (Brown,  Docherty,  Halliwell  1983;  Egan  and  North 
1986;  McCormick  and  Prince  1987). 

Neuroendocrine  and  Endocrine  Effects  of  Nicotine 

Nicotine  has  direct  and  indirect  effects  on  several  neuroendocrine 
and  endocrine  systems  (Balfour  1982;  Clarke  1987a;  Hall  1982).  This 
Section  reviews  research  on  the  effects  of  nicotine  in  animals  and 
humans  that  are  relevant  to  understanding  cigarette  smoking. 
Nicotine,  effects  on  cholinergic  and  noncholinergic  nicotinic  recep- 
tors, as  well  as  on  the  release  of  catecholamines,  monoamines, 
pituitary  hormones,  Cortisol,  and  other  neuroendocrine  chemicals. 
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are  discussed.  Effects  on  single  neuroregulators  are  emphasized,  but 
it  is  important  to  recognize  that  there  are  extensive  interrelation- 
ships among  these  substances  (Tuomisto  and  Mannisto  1985). 

Nicotine  has  effects  on  peripheral  endocrine  as  well  as  on  central 
neuroendocrine  functions.  In  the  early  1900s  researchers  discovered 
that  nicotine  stimulated  autonomic  ganglia  (ganglia  were  painted 
with  tobacco  solutions),  inducing  such  effects  as  the  release  of 
adrenal  catecholamines  (Larson,  EEaag,  Silvette  1961).  As  the  health 
consequences  of  cigarette  smoking  have  become  clearer,  many 
investigators  have  sought  to  determine  tobacco's  effects  on  the 
endocrine  system,  with  the  possibility  that  understanding  such 
effects  may  help  to  explain  smoking  behavior.  Nicotine  is  regarded 
as  the  major  pharmacologic  agent  in  tobacco  and  tobacco  smoke 
responsible  for  alterations  in  endocrine  function.  However,  there  has 
not  been  a  systematic  evaluation  of  the  effects  of  metabolites  of 
nicotine  or  constituents  of  tobacco  other  than  nicotine  on  the 
endocrine  system. 

The  functional  significance  of  nicotine-induced  perturbations  in 
hormonal  patterns  and  the  role  of  neuroregulators  in  smoking  are 
poorly  understood.  Extensive  literature  using  nicotinic  agonists  and 
antagonists  indicates  relationships  between  cholinergic  activity  and 
particular  behavioral  effects  (Henningfield  et  al.  1983;  Kumar, 
Reavill,  Stolerman,  in  press).  Similar  strategies  have  been  employed 
to  explore  the  contributions  of  catecholamines  to  smoking-related 
behavior.  However,  the  exploration  of  the  importance  of  neuroregu- 
lators in  the  reinforcement  of  cigarette  smoking  is  still  at  an  early 
stage. 

Cholinergic  Effects 

Nicotine  has  cholinergic  effects  in  the  PNS  and  CNS.  Nicotine  is  a 
cholinergic  agonist  at  peripheral  autonomic  ganglia  and  somatic 
neuromuscular  junctions  at  low  doses  and  becomes  an  antagonist  at 
high  doses  (Voile  and  Koelle  1975).  Nicotine  also  releases  ACh  in  the 
cerebral  cortex  (Armitage,  Hall,  Morrison  1968;  Rowell  and  Winkler 
1984)  and  in  the  myenteric  plexus  of  the  peripheral  ANS  (Briggs  and 
Cooper  1982).  Balfour  (1982)  has  suggested  that  cortical  arousal  (see 
Electrophysiological  Actions  of  Nicotine  for  a  detailed  discussion)  is 
mediated  by  ACh  release  but  that  behavioral  stimulation  (see 
Chapter  IV)  either  is  not  mediated  by  ACh  release  or  does  not 
depend  on  the  action  of  ACh  at  a  muscarinic  receptor. 

Studies  involving  intracerebral  administration  of  nicotine  have 
been  used  to  determine  the  loci  of  nicotine's  action  (Kammerling  et 
al.  1982;  Wu  and  Martin  1983).  The  injection  of  nicotine  into  the 
cerebral  ventricles  of  cats,  dogs,  and  rats  produces  a  variety  of  effects 
including  changes  in  cardiovascular  activity,  body  temperature, 
respiration,  salivation,  muscle  reflex  tone,  and  electrocortical  indices 
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of  sleep  and  arousal;  the  direction  and  duration  of  effects  depend  on 
dosage  and  on  baseline  response  parameters  (Hall  1982). 

Nicotine's  cholinergic  actions  can  affect  other  neuroregulators  in 
the  body  (Andersson  1985).  Nicotine  stimulates  NE  relesise  in  the 
hjrpothalamus  by  a  Ca2+-dependent  process  that  can  be  inhibited  by 
prior  administration  of  hexamethonium  or  ACh  (Hall  and  Turner 
1972;  Westfall  1974).  The  mechanism  resembles  nicotine's  effects  on 
peripheral  adrenergic  nerve  terminals  (Westfall  and  Brasted  1972). 
At  high  dose  levels,  nicotine  stimulates  NE  release  by  displacing  it 
from  vesicle  stores  at  sites  outside  the  hypothalamus  (Bgdfour  1982). 
These  actions  are  relevant  to  understanding  the  reinforcing  effects 
of  nicotine.  For  example,  using  drug  discrimination  procedures, 
Rosecrans  (1987)  has  demonstrated  that  intact  central  NE  and 
dopamine  (DA)  function  were  required  to  elicit  the  cue  properties  of 
nicotine. 

Intravenous  administration  of  nicotine  modulates  the  release  of 
both  neurohypophyseal  and  adenohypophyseal  hormones  (Bisset  et 
al.  1975;  Hall,  Francis,  Morrison  1978).  Hillhouse,  Burden,  and  Jones 
(1975)  found  that  the  in  vitro  application  of  ACh  to  the  hypophysio- 
tropic  area  of  the  rat  caused  a  significant  increase  in  the  basal 
secretion  of  corticotropin-releasing  hormone  (as  measured  by  bio^ 
say),  which  in  turn  controls,  via  the  anterior  pituitary,  the  release  of 
the  pro-opiomelanocortin  (POMC)  group  of  hormones — (3-endorphin, 
(3-lipotropin,  melanoc3^e-stimulating  hormone-releasing  factor,  and 
adrenocorticotropic  hormone  (ACTH)  (Meites  and  Sonntag  1981), 
The  humoral  mechanism  for  the  release  of  vasopressin  has  been 
traced  from  the  medulla  to  the  paraventricular  nuclei  of  the 
hypothalamus  (Bisset  et  al.  1975;  Castro  de  Souza  and  Rocha  e  Silva 
1977).  Similarly,  Risch  and  colleagues  (1980)  have  demonstrated  a 
cholinergic  mechanism  for  the  release  of  3-endorphin. 

Modulation  of  Catecholamine  and  Serotonin  Activity 

Dale  and  Laidlaw  (1912)  found  that  the  pressor  response  of  the  cat 
to  nicotine  was  due  in  part  to  the  release  of  epinephrine  from  the 
adrenal  glands.  Over  the  past  75  years,  a  large  body  of  research  has 
confirmed  and  further  investigated  this  phenomenon.  Stewart  and 
Rogoff  (1919)  quantified  the  effect  of  nicotine  on  adrenal  epinephrine 
release.  Kottegoda  (1953)  observed  that  nicotine  releases  catechol- 
amines from  extra-adrenal  chromaffin  tissues.  Watts  (1961)  demon- 
strated the  effect  of  smoking  on  adrenal  secretion  of  epinephrine. 
Hill  and  Wynder  (1974)  reported  that  increasing  the  nicotine  content 
in  cigarette  smoke  progressively  increased  the  serum  concentration 
of  epinephrine,  but  not  NE.  Winternitz  and  Quillen  (1977)  found  that 
the  excretion  of  urinary  catecholamines  tended  to  be  higher  on 
smoking  days  than  on  nonsmoking  days.  Several  recent  studies  have 
focused  on  the  role  of  nicotine  and  the  mechanisms  involved  in  the 
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release  of  catecholamines  from  cultured  chromaffin  cells  (Forsberg, 
Rojas,  Pollard  1986).  Earlier  experiments  by  Douglas  and  Rubin 
(1961),  using  denervated  perfused  cat  adrenal  glands,  indicated  that 
nicotine  augments  catecholamine  release  from  chromaffin  cells  by 
promoting  an  influx  of  extracellular  calcium.  Forsberg,  Rojas,  and 
Pollard  (1986)  suggested  that  nicotine-induced  catecholamine  secre- 
tion may  be  mediated  by  phosphoinositide  metabolism  in  bovine 
adrenal  chromaffin  cells. 

The  anatomical  localization  and  importance  of  biogenic  mono- 
amines such  as  serotonin  (5-HT  [5-hydroxytryptamine]),  DA,  and  NE 
have  been  the  subject  of  intense  research  for  the  past  30  years.  The 
classic  studies  of  Dahlstrom  and  Fuxe  (1966)  revealed  that  neurons 
containing  these  amines  were  localized  in  specific  ascending  projec- 
tion systems;  descending  monoaminergic  neurons  have  also  been 
described.  The  physiological  integrity  of  these  systems  was  further 
demonstrated  by  Aghajanian,  Rosecrans,  and  Sheard  (1967),  who 
observed  that  stimulation  of  5-HT  cell  bodies  localized  in  the 
midbrain  raphe  nucleus  released  5-HT  from  nerve  endings  located  in 
the  more  rostral  forebrain.  The  recognition  that  these  amine  systems 
constitute  a  unique  interneuronal  communication  system  has  played 
a  central  role  in  understanding  underlying  neurochemical  and 
behavioral  mechanisms. 

The  cholinergic  system  has  undergone  a  similar  analysis  (Fibiger 
1982),  but  the  delineation  of  specific  cholinergic  pathways  has  been 
more  difficult  because  no  histochemical  method  has  been  available 
for  ACh.  It  does  appear,  however,  that  the  cholinergic  system  is 
similarly  organized  and  interacts  with  specific  biogenic  amine 
pathways.  For  example,  Robinson  (1983)  has  clearly  shown  that  both 
5-HT  and  DA  systems  exert  tonic  inhibitory  control  over  ACh 
turnover  in  both  the  hippocampus  and  frontal  cortex  regions. 
Lesions  of  the  medial  raphe  nuclei  increase  the  ACh  turnover  rate  in 
hippocampal  sites,  while  lesions  of  the  dorsal  raphe  elicit  a  similar 
effect  in  frontal  cortical  areas.  Evidence  of  DA  control  comes  from 
the  observation  that  the  catecholamine  neurotoxin,  6-OHDA,  when 
injected  into  the  DA-rich  septal  area,  facilitated  hippocampal  ACh 
turnover.  The  research  of  Kellar,  Schwartz,  and  Martino  (1987)  and 
others  also  suggests  that  nicotinic  receptors  may  occupy  a  presynap- 
tic site  on  select  DA  and  5-HT  nerve  endings.  Westfall,  Grant,  and 
Perry  (1983),  using  a  tissue  slice  preparation,  have  shown  that  the 
DMPP-induced  stimulation  of  nicotinic  receptors  in  the  striatum  will 
facilitate  the  release  of  both  5-HT  and  DA.  This  preparation  is  devoid 
of  cell  bodies  or  5-HT-  and  DA-containing  axon  terminals,  suggesting 
that  these  nicotinic  cholinergic  receptors  are  primarily  presynaptic. 
Further,  hexamethonium,  but  not  atropine,  attenuated  nicotine- 
induced  amine  release,  confirming  that  these  effects  are  nicotinic  in 
nature. 
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Nicotine  may  have  simultaneous  actions  on  many  types  of 
neurons.  Even  though  only  one  kind  of  receptor  may  be  stimulated, 
either  activation  or  inhibition  of  a  particular  5-HT,  NE,  or  DA 
neuron  miay  be  the  ultimate  outcome.  Conversely,  the  activity  of 
specific  cholinergic  neurons  may  also  be  controlled  by  one  of  these 
biogenic-amine-containing  projection  systems.  Nicotine  appears  to 
produce  its  discriminative  stimulus  effect  in  at  least  one  major  brain 
area,  the  hippocampus.  This  site  is  rendered  insensitive  if  DA 
neurons  innervating  this  area  are  destroyed  (Rosecrans  1987).  The 
iiiterrelationships  of  these  amine  pathwa3rs  are  important  to  under- 
stand nicotine's  effects  on  behavior  and  its  effects  on  the  neuroendoc- 
rine system  because  of  the  central  role  that  these  amine  systems 
play  in  the  hypothalamic  control  of  the  pituitary. 

Effects  on  Serotonergic  Neurons 

Research  evaluating  the  relationship  between  nicotine  and  5-HT 
has  involved  several  different  approaches.  Hendry  and  Rosecrans 
(1982)  compared  the  effects  of  nicotine  on  conditioned  and  uncondi- 
tioned behaviors  in  rats  selected  for  differences  in  physical  activity 
and  5-HT  turnover.  Balfour,  Khuller,  and  Longden  (1975)  observed 
that  acute  doses  of  nicotine  were  capable  of  attenuating  hippocampal 
5-HT  turnover,  an  effect  specific  to  the  hippocampus.  Fuxe  and 
colleagues  (1987)  did  not  observe  any  acute  changes  in  5-HT  function 
following  acute  nicotine  dosing  but  did  observe  a  significant  reduc- 
tion of  5-HT  turnover  following  repeated  doses  (3x2  mg/kg/hr).  This 
effect,  however,  was  suggested  to  be  due  to  cotinine,  the  primary 
metabolite  of  nicotine. 

In  addition  to  attempts  to  correlate  5-HT  function  with  some 
pharmacologic  effect  of  nicotine,  investigators  have  evaluated  poten- 
tial links  between  5-HT  and  neuroendocrine  function.  Balfour, 
Khuller,  and  Loi^den  (1975)  showed  a  relationship  between  5-HT 
and  nicotine's  ability  to  induce  the  release  of  plasma  corticosterone, 
presumably  by  activation  of  the  pituitary-adrenal  axis.  Following 
acute  nicotine  injections  in  the  rat,  a  reduction  in  5-HT  turnover 
correlated  with  an  increase  in  plasma  corticosterone.  Rats  exhibited 
tolerance  to  pituitary  activation  following  repeated  nicotine  doses, 
but  not  to  the  attenuation  of  hippocampal  5-HT  turnover.  Stress 
antagonized  nicotine-induced  reductions  of  hippocampal  5-HT.  Also, 
nicotine  was  reported  to  inhibit  the  adaptive  response  to  adrenocorti- 
cal stimulation  following  chronic  stress  (Balfour,  Graham,  Vale 
1986).  One  interpretation  of  these  data  is  that  nicotine  can  modify 
how  rats  adapt  to  stress,  which  may  be  mediated  by  changes  in 
hippocampal  5-HT  function.  At  this  point,  however,  it  is  difficult  to 
draw  firm  conclusions  concerning  how  nicotine  affects  5-HT  neurons 
and  whether  this  neurotransmitter  is  involved  in  any  of  nicotine's 
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effects  on  neuroendocrine  function.  Hippocampal  5-HT  turnover 
appears  to  be  selectively  attenuated  by  nicotine. 

Effects  on  Catecholaminergic  Neurons 

Studies  of  the  effects  of  nicotine  on  NE-containing  neurons  have 
produced  mixed  results.  Earlier  work  suggested  that  nicotine  may 
affect  behavior  via  a  NE  component,  but  recent  research  has  not 
supported  such  claims  (Balfour  1982).  It  has  been  reported  that 
nicotine  releases  DA  from  brain  tissue  (Westfall,  Grant,  Perry  1983). 
Lichtensteiger  and  colleagues  (1982)  observed  that  nicotine  releases 
DA  through  an  acceleration  of  the  firing  rate  of  DA  cell  bodies 
located  in  substantia  nigra  zona  compacta  when  nicotine  is  adminis- 
tered via  iontophoretic  application  or  s.c.  (0.4  to  1.0  mg/kg).  This 
activation  was  marked  by  a  significant  increase  in  striatal  DA 
turnover;  DHBE,  but  not  atropine,  attenuated  nigrostriatal  activa- 
tion. Evidence  that  nicotine  facilitates  the  firing  of  DA  cell  bodies  by 
stimulating  nicotinic  cholinergic  receptors  has  recently  been  report- 
ed by  Clarke,  Hommer,  and  coworkers  (1985),  who  showed  a  specific 
effect  of  nicotine  antagonized  by  mecamylamine  on  pars  compacta 
cell  bodies.  Connelly  and  Littleton  (1983)  noted  that  DA  release  from 
S3maptosomes  lacked  stereoselectivity  but  was  blocked  by  the 
ganglionic-blocking  drug  pempidine. 

Fuxe  and  coworkers  (1986,  1987)  have  studied  nicotine's  effects  on 
central  catecholamine  neurons  in  relation  to  neuroendocrine  func- 
tion. These  investigators  use  quantitative  histofluorometric  tech- 
niques that  measure  the  disappearance  of  catecholamine  stores  by 
administering  a  tyrosine  hydroxylase  inhibitor  (AMPT)  to  rats 
receiving  various  doses  of  nicotine  or  exposed  to  tobacco  smoke. 
Tissues  are  then  exposed  to  formaldehyde  gas,  and  histofluorescence 
in  AMPT-treated  rats  is  evaluated  in  comparison  to  controls. 

Nicotine  is  a  potent  activator  of  both  DA  and  NE  neuron  systems 
located  primarily  in  the  median  eminence  and  in  areas  of  the 
hypothalamus.  These  effects  result  from  a  stimulation  of  nicotinic 
cholinergic  receptors,  generally  antagonized  by  mecamylamine. 
Intermittent  nicotine  dosing  (4x2  mg/kg,  s.c.  every  30  min)  or 
tobacco  smoke  exposure  (rats  were  exposed  to  one  to  four  cigarettes 
with  a  smoking  machine-determined  nicotine  yield  of  2.6  mg;  rats 
received  8  puffs  at  10-min  intervals)  results  in  a  decrease  of 
prolactin,  thyroid-stimulating  hormone  (TSH),  and  luteinizing  hor- 
mone (LH)  and  an  increase  of  plasma  corticosterone  levels.  Nicotine 
doses  of  0.3  mg/kg  administered  i.v.  induce  an  overall  activation  of 
the  hypothalamic-pituitary  axis,  causing  an  increase  of  both  ACTH 
and  prolactin  that  subsides  within  60  min.  Tolerance  to  the 
corticosterone  response  develops  after  repeated  nicotine  doses,  and 
there  is  evidence  that  it  develops  after  a  single  dose  of  nicotine 
(Sharp  and  Beyer  1986;  Sharp  et  al.  1987).  Restraint  stress  increases 
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ACTH,  corticosterone,  and  prolactin  levels  and  decreases  DA  and  NE 
levels  in  hypothsdamic  regions.  This  stressor  attenuates  nicotine's 
activation  of  NE  neurons  but  does  not  reverse  its  attenuating  effects 
on  prolactin. 

Nicotine  appears  to  be  associated  with  neuroendocrine  activity  by 
NE  and  DA  activation  (Fuxe  et  al.  1987).  Immunohistochemical 
studies  suggest  that  alterations  in  NE  function  are  more  important 
for  the  control  of  the  pituitary-adrenal-axis,  while  DA  turnover 
appears  to  be  crucial  for  nicotine's  effects  on  prolactin,  LH,  and 
follicle-stimulating  hormone  (FSH).  Moreover,  these  studies  indicate 
that  similar  nAChRs  are  located  within  both  DA  mesolimbic  and 
neostriatal  systems. 

Stimulation  of  Pituitary  Hormones 

Nicotine  administration  and  cigarette  smoking  stimulate  the 
release  of  several  anterior  and  posterior  pituitary  hormones.  Seyler 
and  coworkers  (1986)  had  human  subjects  smoke  two  high-nicotine 
(2.87  mg)  cigarettes  in  quick  succession.  Plasma  levels  of  prolactin, 
ACTH,  P-endorphin/p-lipoprotein,  growth  hormone  (GH),  vasopres- 
sin, and  neurophysin  I  increased.  No  change  was  seen  in  TSH,  LH,  or 
FSH.  The  rapid  smoking  paradigm  used  by  Seyler  and  coworkers 
(1986)  may  have  contributed  to  the  effects  of  nicotine.  Growth 
hormone  levels  exhibited  a  prolonged  increase  after  subjects  smoked 
three  cigarettes  in  rapid  succession  (Sandberg  et  al.  1973).  In 
experiments  conducted  by  Wintemitz  and  Quillen  (1977)  with  male 
habitual  smokers,  GH  began  to  rise  after  two  cigarettes,  peaked  at  1 
hr,  and  then  returned  to  control  levels  while  smoking  continued. 
Wilkins  and  colleagues  (1982)  also  found  that  smoking  increases  GH 
levels  and  presented  evidence  that  the  effect  is  nicotine  mediated. 
Coiro  and  coworkers  (1984)  reported  that  the  increase  in  GH 
produced  by  clonidine  was  greatly  enhanced  by  cigarette  smoking, 
suggesting  that  nicotinic  cholinergic  and  adrenergic  mechanisms 
might  interact  in  the  stimulation  of  GH  secretion. 

The  TSH  plasma  levels  were  not  affected  when  nicotine  was 
administered  over  a  60-min  period  to  female  rats  (Blake  1974).  In 
studies  involving  exposure  to  cigarette  smoke,  Andersen  and  col- 
leagues (1982)  reported  a  lowering  of  TSH  secretion  in  rats,  but  as 
noted,  Seyler  and  coworkers  (1986)  found  no  change  in  human 
subjects.  Thus,  the  data  on  the  effects  of  nicotine  on  TSH  release  are 
inconclusive  at  this  time. 

ACTH  plasma  levels  increased  after  i.p.  injection  of  nicotine  in  the 
rat  (Conte-Devolx  et  al.  1981).  In  similar  experiments,  Cam  arid 
Bassett  (1983b)  found  that  elevated  ACTH  levels  peaked  and  rapidly 
declined  to  a  sustained  plateau  level.  Sharp  and  Beyer  (1986) 
reported  that  the  effects  of  nicotine  on  ACTH  in  rats  show  a  rapid 
and  marked  desensitization.  Seyler  and  coworkers  (1984)  had  male 
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subjects  smoke  cigarettes  containing  0.48  or  2.87  mg  of  nicotine.  No 
increases  in  ACTH  or  Cortisol  were  detected  after  subjects  smoked 
0.48-mg-nicotine  cigarettes.  Cortisol  levels  rose  significantly  in  11  of 
15  instances  after  smoking  the  high-nicotine  cigarettes,  but  ACTH 
rose  in  only  5  of  the  11  instances  when  Cortisol  increased.  Each 
ACTH  increase  occurred  in  a  subject  who  reported  nausea  and  was 
observed  to  be  pale,  sweaty,  and  tachycardic.  Seyler  and  coworkers 
(1984)  studied  smokers  and  concluded  that  ACTH  release  occurs  only 
in  smokers  who  become  nauseated. 

LH  levels  were  reduced  in  male  rats  exposed  to  unaltered 
cigarette  smoke,  while  FSH  was  unchanged  (Andersen  et  al.  1982).  In 
experiments  by  Winternitz  and  Quillen  (1977),  there  were  no 
differences  in  LH  and  FSH  among  male  cigarette  smokers  while 
smoking  as  compared  with  not  smoking.  Seyler  and  colleagues  (1986) 
found  no  change  in  human  LH  or  FSH  levels  after  smoking.  There  is 
no  evidence  of  gonadotropin  release  stimulated  by  nicotine  or 
smoking. 

Prolactin  plasma  levels  were  lowered  considerably  in  lactating 
rats  injected  twice  daily  with  nicotine  (Terkel  et  al.  1973).  It  was 
suggested  that  failure  of  prolactin  release  following  chronic  nicotine 
administration  was  responsible  for  low  milk  production  and  starva,- 
tion  of  pups.  Blake  and  Sawyer  (1972)  found  that,  in  lactating  rats, 
the  rapid  suckling-induced  release  of  prolactin  into  the  blood  is 
inhibited  by  s.c.  injections  of  nicotine.  Ferry,  McLean,  and  Nikitito- 
vich- Winer  (1974)  reported  that  tobacco  smoke  inhalation  in  rats 
delays  the  suckling-indubed  release  of  prolactin.  Andersen  and 
coworkers  (1982)  found  that  prolactin  secretion  was  reduced  in  male 
rats  in  a  dose-dependent  manner  by  exposure  to  unfiltered  cigarette 
smoke.  However,  Sharp  and  Beyer  (1986)  reported  that  the  effects  of 
nicotine  on  prolactin  in  rats  shows  a  biphasic  effect,  first  increasing 
and  then  decreasing.  Suppressed  prolactin  levels  were  fpund  in 
female  smokers  who  were  breast  feeding  (Andersen  et  al.  1982). 
These  researchers  noted  that  smokers  weaned  their  babies  signifi- 
cantly earlier  than  nonsmokers.  However,  Wilkins  and  coworkers 
(1982)  observed  an  increased  level  of  prolactin  in  male  chronic 
smokers. 

Arginine  Vasopressin 

In  addition  to  its  antidiuretic  effects,  arginine  vasopressin  acts  as  a 
vasoconstrictor  (Munck,  Guyre,  Holbrook  1984;  Waeber  et  al.  1984). 
Arginine  vasopressin  may  also  act  as  a  neuromodulator  in  pathways 
that  affect  behavior.  It  has  been  shown  to  promote  memory 
consolidation  and  retrieval  in  rats  (Bohus,  Kovacs,  de  Wied  1978)  and 
there  are  reports  of  memory  enhancement  following  intranasal 
administration  of  a  vasopressin  analog  in  both  normal  and  memory- 
deficient  humans  (LeBoeuf,  Lodge,  Eames  1978;  Legros  et  al.  1978; 
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Weingartner  et  al.  1981).  Nicotinic  cholinergic  receptors  in  the 
medial  basal  hypothalamus  and  muscarinic  cholinergic  receptors  in 
the  neurohypophysis  (posterior  pituitary)  have  been  implicated  in 
the  release  of  vasopressin  (Gregg  1985).  Nicotine  has  been  found  to 
stimulate  vasopressin  release  in  a  dose-related  manner  in  animals 
(Reaves  et  al.  1981;  Siegel  et  al.  1983)  and  in  humans  (Dietz  et  al. 
1984;  Pomerleau  et  al.  1983;  Seyler  et  al.  1986).  These  observations 
are  consistent  with  the  effects  of  nicotine  on  cognitive  performance 
(Chapter  VI). 

The  Pro-Opiomelanocorticotropin  Group  of  Hormones 

The  POMC  hormones  are  released  in  response  to  stress  and  in 
response  to  corticotropin-releasing  hormone  (Munck,  Guyre,  Hol- 
brook  1984;  Krieger  and  Martin  1981).  ACTH  has  behavioral  effects 
and  stimulates  the  release  of  steroids  such  as  Cortisol  from  the 
adrenal  cortex.  ACTH  produces  rapid  cycling  between  sleeping  and 
waking  as  well  as  sexual  stimulation,  grooming/scratching,  blocking 
of  opiate  effects  such  as  analgesia,  and  the  enhancement  of  attention 
and  stimulus  discrimination  (Bertolini  and  Gessa  1981).  Endogenous 
opioids,  such  as  3-endorphin,  potentiate  vagal  reflexes,  cause  respira- 
tory depression,  lower  blood  pressure,  block  the  release  of  catechol- 
amines (Beaumont  and  Hughes  1979;  Schwartz  1981),  have  antinoci- 
ceptive effects  (van  Ree  and  de  Wied  1981),  and  modulate  neuro- 
transmitter systems  leading  to  amnesic  effects  (Izquierdo  et  al.  1980; 
Introini  and  Baratti  1984).  It  has  been  suggested  that  the  primary 
function  of  the  endogenous  opioids  is  metabolic,  serving  to  conserve 
body  resources  and  energy  (Amir,  Brown,  Amit  1980;  Margules  1979; 
Millan  and  Emrich  1981). 

Nicotine  appears  to  stimulate  the  release  of  corticotropin-releasing 
hormone  from  the  hypothalamus  through  a  nicotinic  cholinergic 
mechanism  (Hillhouse,  Burden,  Jones  1975;  Weidenfeld  et  al.  1983). 
Using  an  isolated  perfused  mouse  brain  preparation,  Marty  and 
coworkers  (1985)  demonstrated  that  nicotine  stimulates  secretion  of 
3-endorphin  and  ACTH  in  a  dose-related  manner  when  applied 
directly  to  the  hypothalamus  but  not  when  applied  to  the  pituitary. 
The  work  of  Sharp  and  Beyer  (1986)  supports  this  finding;  they 
reported  that  the  secretion  of  ACTH  following  nicotine  was  unaffect- 
ed by  adrenalectomy.  Nicotine  administration  to  rats  has  also  been 
shown  to  increase  the  plasma  levels  of  corticosterone,  ACTH,  and  p- 
endorphin  in  a  dose-related  manner  (Conte-Devolx  et  al.  1981). 
Termination  of  chronic  nicotine  administration  reduced  hypotha- 
lamic 3-endorphin  levels  (Rosecrans,  Hendry,  Hong  1985).  Hurlick 
and  Corrigal  (1987)  have  also  observed  that  the  narcotic  antagonist 
naltrexone  inhibits  some  nicotine-modulated  behavior  in  mice, 
providing  a  possible  link  between  nicotine  stimulation  of  endogenous 
opioid  activity  and  behavioral  responses.  Acute  administration  of 
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nicotine  increases  levels  of  plasma  ACTH  and  corticosterone  sharply 
(Cam  and  Bassett  1983b),  while  chronic  exposure  results  in  complete 
adaptation  (Cam  and  Bassett  1984).  Melanocyte-stimulating  hor- 
mone was  decreased  and  P-endorphin  was  increased  by  i.p.  injections 
of  nicotine  in  the  rat  (Conte-Devolx  et  al.  1981). 

Risch  and  colleagues  (1980,  1982)  have  accumulated  evidence  for 
cholinergic  control  of  Cortisol,  prolactin,  and  (3-endorphin  release  in 
humans.  Rapid  smoking  increases  circulating  Cortisol,  (3-endorphin, 
and  neurophysin  I  (Pomerleau  et  al.  1983;  Seyler  et  al.  1984;  Novack 
and  Allen-Rowlands  1985;  Novack,  Allen-Rowlands,  Gann,  in  press). 
Moreover,  in  a  study  that  examined  the  role  of  endogenous  opioid 
mechanisms  in  smoking,  Tobin,  Jenouri,  and  Sackner  (1982)  ob- 
served that  mean  inspiratory  flow  rate  increases  during  the  smoking 
of  a  cigarette  but  is  depressed  shortly  after  smoking.  Naloxone  had 
no  effect  on  the  initial  stimulation  of  respiration  in  response  to 
smoking  but  did  significantly  blunt  the  subsequent  depression  of 
respiration.  The  significance  of  these  findings  for  the  control  of 
cigarette  smoking  remains  equivocal  (Karras  and  Kane  1980; 
Nemeth-Coslett  and  Griffiths  1986;  Chapter  IV). 

Thyroid 

Most  of  the  earlier  work  (1930s  through  1950s)  assessing  the 
effects  of  nicotine  on  thyroid  function  involved  histological  studies  of 
the  thyroid  glands  from  animals  treated  chronically  with  nicotine. 
The  findings  are  inconsistent  in  that  some  studies  suggest  elevated 
thyroid  activity  and  others  do  not  (Cam  and  Bassett  1983a).  In  a 
more  recent  study  of  nicotine's  action  on  the  plasma  levels  of  the 
thyroid  hormones,  th3rroxine  (T4)  and  triiodoth3n"onine  (T3),  Cam 
and  Bassett  (1983a)  found  that  a  single  i.p.  injection  of  200  (xg/kg  did 
not  alter  the  level  of  either  hormone,  although  it  did  produce  an 
increase  in  plasma  corticosterone.  As  mentioned  earlier,  nicotine 
does  not  consistently  affect  TSH  in  animals  or  humans  (Blake  1974; 
Seyler  et  al.  1986). 

Adrenal  Cortex 

Several  studies  in  animals  and  human  subjects  have  reported  that 
nicotine  and  cigarette  smoking  lead  to  elevated  levels  of  corticoste- 
roids. Kershbaum  and  colleagues  (1968)  administered  nicotine  i.v.  to 
anesthetized  dogs  and  found  a  64  percent  rise  in  plasma  corticoste- 
roids. In  rats,  corticosteroid  concentrations  increased  50  percent 
after  i.p.  administration  of  nicotine.  Suzuki  and  coworkers  (1973) 
also  reported  adrenal  cortical  secretion  in  response  to  nicotine  in 
conscious  and  anesthetized  dogs.  The  effects  of  nicotine  on  plasma 
corticosteroids  in  stressed  and  unstressed  rats  were  studied  by 
Balfour,  Khuller,  and  Longden  (1975).  The  administration  of  nicotine 
to  unstressed  rats  caused  a  rise  in  corticosterone  which  persisted  for 
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60  min.  Nicotine  did  not  affect  plasma  corticosterone  concentration 
in  rats  stressed  by  being  placed  on  an  elevated  platform.  Other 
studies  showed  increased  plasma  corticosteroid  levels  after  nicotine 
administration  (Turner  1975;  Cam,  Bassett,  Cairncross  1979;  Cam 
and  Bassett  1983b).  Andersen  and  colleagues  (1982)  exposed  male 
rats  to  unfiltered  cigarette  smoke  and  found  a  dose-related  increase 
in  corticosterone  secretion.  Filtered  cigarette  smoke  was  inactive. 

Seifert  and  coworkers  (1984)  found  that  the  chronic  administration 
of  0.5  or  1.0  mg/kg  of  nicotine  s.c.  twice  daily  for  8  weeks  to  rats 
produced  a  marked  decrease  in  plasma  aldosterone  levels.  In  this 
study,  nicotine  had  no  effect  on  plasma  corticosterone  concentration. 

Hokfelt  (1961)  reported  increases  in  plasma  Cortisol  and  urinary 
17-hydroxycorticosteroids  following  cigarette  smoking  in  human 
subjects.  Kershbaum  and  coworkers  (1968)  reported  similar  results 
involving  elevations  of  11-hydroxycorticosteroids.  Hill  and  Wynder 
(1974)  found  that  serum  corticosteroids  were  markedly  elevated  after 
high-nicotine  (2.73  mg)  cigarettes  were  smoked.  No  increase  was  seen 
with  cigarettes  containing  less  nicotine.  Cryer  and  colleagues  (1976) 
also  found  an  increase  in  circulating  levels  of  corticosteroids  after 
smoking.  Winternitz  and  Quillen  (1977)  reported  a  sharp  increase  in 
circulating  Cortisol  after  two  cigarettes.  The  levels  were  maintained 
through  the  smoking  period  and  fell  gradually  to  normal.  Wilkins 
and  coworkers  (1982)  also  observed  increased  levels  of  Cortisol  after 
2-mg-nicotine  c^arettes  were  smoked.  No  increases  in  Cortisol  were 
detected  Eifter  smoking  0.48-mg-nicotuie  cigarettes,  but  Cortisol  rose 
significantly  in  11  of  15  cases  smoking  2.87-mg-nicotine  cigarettes 
(Seyler  et  al.  1984).  Consistent  with  these  results  is  the  observation  of 
Puddey  and  colleagues  (1984)  that  cessation  of  smoking  is  associated 
with  a  significant  fall  in  Cortisol  levels. 

In  contrast  to  these  findings,  Tucci  and  Sode  (1972)  reported  intact 
diurnal  circadian  variations  of  Cortisol  and  unchanged  24-hr  17- 
hydroxycorticosteroids  during  smoking.  Benowitz,  Kuyt,  and  Jacob 
(1984)  studied  10  subjects  who  either  smoked  their  usual  brand  of 
cigarettes,  some  of  which  contained  2.5  mg  nicotine,  or  abstained. 
Plasma  Cortisol  concentrations  throughout  the  day  did  not  differ 
during  smoking  or  abstaining.  Thus,  while  the  majority  of  human 
and  animal  data  indicates  that  nicotine  or  smoking  elevates  cortico- 
steroid levels,  the  effects  appear  to  be  influenced  by  dose,  time,  and 
perhaps  other  factors. 

Many  investigators  cited  above  have  proposed  that  nicotine's 
effects  on  corticosteroids  are  mediated  by  the  release  of  ACTH. 
Indeed,  hypophysectomy  abolished  the  increase  in  adrenocortical 
secretion  following  nicotine  administration  (Suzuki  et  al.  1973;  Cam, 
Bassett,  Cairncross  1979)  and  nicotine-induced  increase  in  plasma 
ACTH  precedes  the  increase  in  Cortisol  (Conte-Devolx  et  al.  1981). 
However,  Turner  (1975)  found  that  bilateral  adrenal  demedullation 
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abolished  the  rise  in  corticosterone  in  response  to  nicotine  and 
suggested  that  the  effect  of  nicotine  is  mediated  via  adrenal  release 
of  catecholamines  and  that  centrally  mediated  stimulation  is  not 
significant.  In  contrast,  the  work  of  Matta  and  associates  (1987) 
demonstrates  that  the  effects  of  nicotine  on  ACTH  secretion  are 
centrally  mediated.  Rubin  and  Warner  (1975)  have  also  shown  that 
nicotine  directly  stimulates  isolated  adrenocortical  cells  of  the  cat. 
The  stimulant  effect  was  dose-dependent  and  required  the  presence 
of  calcium.  These  experiments  also  indicated  that  nicotine  enhances 
the  steroidogenic  effect  of  ACTH. 

Androgens 

In  male  beagles,  chronic  smoking  of  high-nicotine/tar  cigarettes 
was  associated  with  decresised  activity  of  7a-hydroxylase  active  on 
testosterone  (Mittler,  Pogach,  Ertel  1983).  Testicular  63-  and  16a- 
hydroxylases  were  not  altered,  while  the  hepatic  androgen  63- 
hydroxylase  activity  in  the  testis  was  stimulated  markedly  by 
smoking.  Serum  testosterone  levels  were  reduced  to  54  percent  of 
control  levels  by  heavy  smoking.  It  was  concluded  that  chronic 
cigarette  smoking  increased  hepatic  metabolism  of  testosterone, 
resulting  in  lowered  serum  testosterone  levels.  However,  it  may  be 
that  total  testosterone  is  lower  while  free  testosterone  is  not. 

Estrogens 

Cigarette  smoking  is  associated  with  antiestrogenic  effects  in 
women,  including  earlier  menopause,  lower  incidence  of  breast  and 
endometrial  cancer,  and  increased  osteoporosis.  MacMahoh  and 
colleagues  (1982)  reported  lower  urinary  estrogen  levels  in  premeno- 
pausal smokers  than  in  premenopausal  nonsmokers  and  suggested 
that  the  low  estrogen  secretion  reflected  lower  estrogen  production, 
based  on  decreased  estrone,  estradiol,  and  estriol.  However,  2- 
hydroxyestrogens,  the  major  metabolites  of  estradiol  in  women,  were 
not  measured.  Jensen,  CJhristiansen,  and  Rodbro  (1985)  presented 
evidence  for  increased  hepatic  metabolism  of  estrogens  as  a  result  of 
smoking  based  on  an  observation  of  decreased  serum  estrogen  levels 
in  postmenopausal  smokers  receiving  exogenous  hormone  therapy. 
This  study  exeimined  136  women  treated  for  1  year  with  different 
doses  of  estrogen.  Reduction  of  serum  estrogen  was  most  pronounced 
in  the  highest  estrogen-dose  group.  There  was  a  significant  inverse 
correlation  between  the  number  of  cigarettes  smoked  daily  and 
changes  in  serum  estrogen.  Michnovicz  and  colleagues  (1986)  found  a 
significant  increase  in  estradiol  2-hydroxylation  in  premenopausal 
women  who  smoked  at  least  15  cigarettes/day.  They  concluded  that 
smoking  exerts  a  powerful  inducing  effect  on  the  2-hydroxylation 
pathway  of  estradiol  metabolism,  which  is  likely  to  lead  to  decreased 
bioavailability  of  hormone  at  estrogen  target  tissues. 
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Pancreas  and  Carbohydrate  Metabolism 

The  body  weight  of  smokers  is  consistently  lower  than  that  of 
nonsmokers,  and  smokers  tend  to  gain  weight  after  cessation  of 
smoking  (see  Chapter  VI  for  a  detailed  discussion  of  these  relation- 
ships). These  phenomena  are  thought  to  contribute  to  tobacco  use. 
Glauser  and  coworkers  (1970)  and  Hofstetter  and  coworkers  (1986) 
suggested  that  a  change  in  metabolic  rate  is  partially  responsible  for 
these  effectis.  Schechter  and  Cook  (1976)  and  Grunberg,  Bowen,  and 
Morse  (1984)  showed  that  rats  which  were  administered  nicotine  lost 
body  weight  without  reducing  food  intake,  although  the  body  weight 
changes  were  not  as  great  as  when  eating  behavior  declined  as  well 
(Grunberg  1982).  Grunberg  (1986)  has  pointed  out  that  differences  in 
body  weight  between  smokers  and  nonsmokers  result  from  changes 
in  energy  consumption  (via  changes  in  specific  food  consumption) 
and  changes  in  energy  utilization.  Recently,  Grunberg  and  cowork- 
ers (1988)  have  reported  reductions  of  insulin  levels  accompan3dng 
nicotine  administration  in  rats  which  could  result  in  an  increase  in 
the  utilization  of  fat,  protein,  and  glycogen.  This  finding  is  consistent 
with  work  of  Tjalve  and  Popov  (1973),  using  rabbit  pancreas  pieces, 
and  studies  by  Florey,  Milner,  and  Miall  (1977)  of  human  smokers 
versus  nonsmokers.  Grunberg  and  coworkers  (1988)  have  suggested 
that  the  effects  of  nicotine  on  insulin  levels  also  may  be  involved  in 
the  nicotine-induced  decrease  of  sweet  food  preferences. 

Etectrophysiological  Actions  of  Nicotine 

Electrocortical  Effects 

The  brain  responds  to  electrical  as  well  as  to  chemical  stimuli. 
Therefore,  measurements  of  the  electrophysiological  actions  of 
nicotine  complement  studies  of  its  chemical  effects.  In  addition, 
electrophysiological  activity  reflects  function  that  may  relate  to 
sensory  and  cognitive  changes  observed  in  humans  after  smoking 
(see  Chapter  VI).  In  animals,  nicotine  produces  changes  ranging 
from  subtle  latency  decreases  in  the  primary  auditory  pathway  to 
seizures.  The  electrophysiological  actions  of  nicotine  may  help  to 
relate  the  anatomical  and  receptor  data  (discussed  earlier  in  this 
Chapter)  with  sensory  and  cognitive  data  (discussed  in  greater  detail 
in  Chapter  VI). 

The  human  studies  on  electrocortical  effects  of  nicotine  have  some 
methodological  limitations.  Most  of  the  human  studies  had  subjects 
smoke  cigarettes  and  did  not  measure  blood  levels  of  nicotine.  Also, 
most  studies  were  performed  on  smokers  whose  immediate  and  long- 
term  smoking  history  was  determined  by  questionnaires  which  may 
not  accurately  reflect  tolerance  and  physical  dependence  (Chapter 
IV).  In  some  studies  the  subjects  were  deprived  of  cigarettes,  but  no 
objective  measures  such  as  expired  carbon  monoxide  or  blood 
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nicotine  levels  were  collected  to  verify  compliance  with  the  depriva- 
tion conditions. 

Spontaneous  Electroencephalogram 

Historically,  nicotine  and  ACh  were  used  in  animal  experiments  to 
study  the  cholinergic  mechanisms  in  the  midbrain  and  thalamus 
which  produced  EEG  and  behavioral  activation  (Longo,  von  Berger, 
Bovet  1954;  Rinaldi  and  Himwich  1955a,b).  The  administration  of 
nicotine  produced  EEG  activation,  consisting  of  desynchronized  low- 
voltage,  fast  activity,  and  behavioral  arousal  or  alerting.  These  EEG 
and  behavioral  responses  resembled  those  produced  by  electrical 
stimulation  of  the  midbrain  reticulomesencephalic  activating  system 
(Moruzzi  and  Magoun  1949).  With  the  discovery  by  Eccles,  Eccles, 
and  Fatt  (1956)  of  nicotinic  receptors  in  the  Renshaw  cell  of  the 
spinal  cord,  other  investigators  began  to  study  the  precise  pharma- 
cology of  the  EEG  and  behavioral  alerting  produced  by  nicotine  and 
electrical  stimulation  of  the  midbrain.  Cigarette  smoking  in  humans 
also  produced  EEG  desynchronization  (Hauser  et  al.  1958;  Wechsler 
1958;  Bickford  1960)  or  EEG  desynchronization  with  an  increase  in 
alpha  frequency  (Lambiase  and  Serra  1957).  By  the  late  1960s  and 
early  1960s  it  was  generally  known  that  nicotine  or  tobacco  smoke 
caused  EEG  and  behavioral  arousal  in  animals  and  humans,  but 
several  important  issues  were  unresolved. 

The  central  effects  of  nicotine  were  originally  thought  to  result 
from  its  action  on  the  cardiovascular  system  (He5niians,  Bouckeart, 
Dautrebande  1931).  Early  studies  found  that  EEG  desjmchronization 
occurred  when  the  subjects  smoked  nicotine  cigarettes,  nicotine-free 
cigarettes,  or  sucked  on  glass  tubes  filled  with  cotton  (Hauser  et  al. 
1958;  Wechsler  1958).  Schaeppi  (1968)  injected  nicotine  into  the 
vertebral  artery,  carotid  artery,  and  third  and  fourth  ventricles  of  a 
cat's  brain  and  was  able  to  dissociate  the  effects  of  nicotine  on  the 
EEG  from  those  on  the  cardiovascular  sj^tem.  Kawamura  and 
Domino  (1969)  demonstrated  that  the  EEG  changes  induced  by 
nicotine  could  be  obtained  in  animals  whose  blood  pressure  increase 
was  blocked.  Prevention  of  release  of  catecholamines  in  reserpine- 
pretreated  animals  did  not  interfere  with  the  EEG  desynchroniza- 
tion produced  by  nicotine  (Knapp  and  Domino  1962). 

Inhaled  tobacco  smoke  (2-mL  samples  with  about  2  ^g/kg  of 
nicotine)  and  2  \Lg  of  nicotine  injected  every  30  sec  in  a  cat  encephale 
isole  preparation  produced  EEG  desynchronization.  EEG  and  behav- 
ioral activation  after  cigarette  smoke  inhalation  was  also  observed  in 
unanesthetized  cats  with  implanted  electrodes  (Hudson  1979).  Lukas 
and  Jasinski  (1983)  found  that  i.v.  doses  (0.75  to  3.0  mg)  in  human 
smokers  resulted  in  dose-dependent  decreases  in  alpha  (8  to  12  Hz 
EEG  activity)  power  and  EEG  desynchronization.  In  an  inpatient 
study  where  nicotine  deprivation  was  carefully  controlled  and 
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monitored  by  measurement  of  expired  carbon  monoxide,  the  smok- 
ing of  non-nicotine  cigarettes  did  not  change  the  EEG  (Herning, 
Jones,  Bachman  1983),  but  EEG  changes  did  occur  when  subjects 
smoked  nicotine-containing  cigarettes.  These  studies  confirm  that 
nicotine  has  a  direct  action  on  the  CNS  separate  from  the  cardiovas- 
cular effects  and  that  the  effects  are  produced  primarily  by  the 
nicotine  in  inhaled  tobacco  smoke. 

As  experimental  physiological  manipulations,  EEG  recording,  and 
EEG  quantification  techniques  improved,  the  specific  nature  of  the 
nicotine-induced  cortical  EEG  changes  and  their  relationship  to 
behavior  were  found  to  be  more  complex  than  originally  thought. 
The  desynchronization  produced  by  nicotine  (20  to  100  |xg/kg)  in  the 
cat  was  blocked  by  anterior  pontine  transections,  but  not  by 
midpontine  transections  (Knapp  and  Domino  1962).  The  midbrain 
reticular  activating  system  was  needed  for  the  cortical  EEG  desyn- 
chronization produced  by  nicotine.  However,  larger  doses  of  nicotine 
injections  also  produced  synchronous  slow  high-voltage  EEG  activity 
in  the  hippocampus  (hippocampal  theta).  Injections  of  the  muscarin- 
ic agonist  arecoline  (20  to  40  mg/kg)  in  the  anteriorly  transected 
midbrain  preparations  still  produced  the  hippocampal  theta  activity 
without  the  cortical  desynchronization.  Atropine  (1  mg/kg)  and 
mecamylamine  (1  mg/kg),  but  not  the  ganglionic  antagonist  trimeth- 
idinium  (1  mg/kg)  block  the  nicotine  induced  EEG  desynchroniza- 
tion in  an  intact  animal.  The  convulsions  observed  after  nicotine 
injections  (1  to  5  mg/kg  in  cats;  0.05  to  0.25  \ig/g  in  mice)  (Laurence 
and  Stacey  1952;  Stone,  Meckelnburg,  Torchiana  1958;  Stiimpf, 
Petsche,  Gogolak  1962;  Stiimpf  and  Gogolak  1967)  appear  to  be  due 
to  nicotine's  ability  in  large  doses  to  stimulate  muscarinic  choliner- 
gic receptors  in  the  hippocampus.  Because  a  high  concentration  of 
labeled  nicotine  binds  to  hippocampal  cells  of  the  cat  (Schmiterlow  et 
al.  1967)  and  areas  adjacent  to  the  hippocampus  in  the  rat  (Clarke, 
Pert,  Pert  1984),  the  possibility  that  nicotine-induced  limbic  electri- 
cal activity  contributes  to  its  behavioral  effects  cannot  be  discounted. 

Nicotine's  alerting  effect  on  the  brain  may  also  involve  a  peripher- 
al component.  Electrocortical  and  behavioral  arousal  occurs  in  the 
cat  within  1  to  2  sec  after  injection  of  10  to  15  (xg/kg  into  the  right 
atrium  of  the  heart,  originating  in  vagal  pulmonary  C  fiber  afferents 
(Ginzel  1987).  The  human  counterpart  to  this  finding  is  the 
observation  by  Murphree,  Pfeiffer,  and  Price  (1967)  that  an  initial 
EEG  change  occurred  within  5  sec  after  cigarette  smoke  inhalation, 
which  is  shorter  than  a  chest-to-head  circulation  time.  Another  input 
from  the  periphery  arises  from  nicotinic  sites  in  the  arterial  tree. 
Injection  of  small  amounts  (2  to  4  [xg/kg)  of  nicotine,  even  as  far 
away  from  the  brain  as  into  the  lower  aorta  or  femoral  artery,  causes 
instantaneous  arousal  from  all  types  of  sleep  (Ginzel  and  Lucas 
1980). 
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The  nicotine-induced  release  of  ACh  (Macintosh  and  Oborin  1953; 
Mitchell  1963)  may  be  responsible  for  the  EEG  desynchronization  in 
animals  (Armitage,  Hall,  Sellers  1969).  The  effect  does  not  appear  to 
be  due  to  the  direct  action  of  nicotine  on  the  cortex  because  the 
cortical  cholinergic  receptors  are  largely  muscarinic  (Kuhar  and 
Yamamura  1976;  Rotter  et  al.  1979).  Lower  doses  of  nicotine  (20 
^Lg/kg/30  sec  for  20  min)  induced  EEG  desynchronization  and  ACh 
release  in  the  cat,  whereas  higher  doses  (40  jxg/kg/30  sec  for  20  min) 
produced  either  an  increase  or  decrease  in  EEG  desynchronization 
with  corresponding  increase  or  decrease  in  ACh  release  (Armitage, 
Hall,  Sellers  1969).  The  effect  of  nicotine  on  the  EEG  was  short  lived 
relative  to  the  release  of  ACh.  Two  separate  pathways  have  been 
proposed  to  explain  these  results:  an  ascending  cholinergic  pathway 
mediating  the  cortical  desynchronization  and  a  limbic  pathway 
mediating  the  ACh  release. 

In  one  strain  of  mice,  C57BL,  nicotine  increased  cortical  high- 
voltage  activity  and  decreased  homovanillic  acid  (HVA)  and  3- 
methoxy-4-hydroxyphenthyleneglycol  (MHPG)  production  in  a  per- 
fused brain  preparation  (Erwin,  Cornell,  Towell  1986).  The  decrease 
in  HVA  and  MHPG  levels  reflects  an  increase  in  brain  DA  and  NE 
levels.  In  intact  C57BL  mice,  nicotine  decreased  locomotor  activity 
(Marks,  Burch,  Collins  1983a).  Thus,  at  least  in  one  strsdn  of  mice, 
nicotine  induces  an  increase  in  cortical  EE(jr  synchronization,  a 
decrease  in  locomotor  activity,  and  an  increase  in  brain  catechol- 
amines. Little  evidence  relates  the  cortical  desynchronization  ob- 
served in  animals  and  humans  to  an  increase  in  catecholamine 
changes  in  the  brain. 

As  trends  in  neuroscience  research  have  shifted  away  from 
spontaneous  EEG  recording  in  animals  to  intracellular  recording, 
receptor  localization,  and  binding  techniques,  the  precise  qusmtifica- 
tion  of  the  nicotine-induced  EEG  desynchronization  and  hippocam- 
pal  synchronization  has  not  been  done.  This  type  of  quantification 
has  been  done  in  humans  by  power  spectral  analysis.  This  technique 
quantifies  the  EEG  by  the  distribution  and  amplitude  of  brain  waves 
at  different  frequencies.  Alpha  power  includes  EEG  activity  in  the  8- 
td  12-Hz  frequency  range.  Theta  power  includes  EEG  activity  in  the 
4-  to  7-Hz  frequency  range.  Beta  power  includes  EEG  activity  in  the 
frequency  range  of  13  Hz  and  higher. 

The  comparison  of  nicotine-induced  EEG  changes  in  animals  and 
humans  is  complicated  by  an  important  methodological  difference. 
Animals  usually  have  not  previously  been  given  nicotine,  while  in 
studies  of  humans,  the  subjects  always  are  experienced  tobacco 
smokers.  Moreover,  in  human  studies  that  included  a  deprivation 
period,  nicotine  abstinence  may  have  produced  electrophysiol(^ical 
changes  that  are  reversed  by  smoking  or  nicotine. 
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EEG  desynchronization  or  increased  beta  power  was  observed  in 
smokers  after  smoking  a  tobacco  cigarette  (Hauser  et  al.  1958; 
Wechsler  1958;  Bickford  1960;  Ulett  and  Itil  1969).  These  findings 
essentially  replicated  the  animal  studies  of  nicotine.  Using  power 
spectral  analysis,  Ulett  and  Itil  (1969)  also  observed  a  decrease  in 
theta  power  and  an  increase  in  alpha  frequency.  The  increase  in 
alpha  frequency  was  previously  noted  with  visual  inspection  by 
Lambriase.  However,  the  increase  in  theta  was  not.  The  subjects  in 
the  study  by  Ulett  and  Itil  had  smoked  one  pack  or  more  of 
cigarettes/day  and  had  been  deprived  of  tobacco  cigarettes  for  24  hr 
when  the  baseline  EEG  was  recorded.  Comparisons  of  the  postsmok- 
ing  EEG  were  made  with  this  baseline  period.  Therefore,  the 
decrease  in  alpha  frequency  and  increase  in  theta  power  relative  to 
the  data  from  the  postsmoking  session  may  be  the  result  of  nicotine 
deprivation  (Chapter  IV). 

Knott  and  Venables  (1978)  compared  the  alpha  frequencies  of 
nonsmokers,  12-hr  nicotine-deprived  smokers,  and  nondeprived 
smokers.  They  observed  a  decrease  of  about  1  Hz  in  the  dominant 
alpha  frequency  of  the  deprived  smokers  relative  to  the  nonsmokers 
and  nondeprived  smokers  in  a  passive  eyes-closed  situation.  An 
active  behavioral  task  and  other  frequencies  of  the  EEG  were  not 
studied.  Knott  and  Venables  hypothesize  that  smokers  were  consti- 
tutionally different  from  nonsmokers.  The  slower  alpha  frequency 
was  interpreted  as  an  arousal  deficit,  and  smoking  as  compensation 
to  reduce  the  arousal  deficit.  Knott  and  Venables  (1978)  and  Ulet 
and  Itil  (1969)  both  found  an  attentional  deficit  during  tobacco 
deprivation. 

Herning  and  coworkers  (1983)  investigated  the  EEG  changes 
related  to  cigarette  smoking  in  a  hospitalized  group  of  healthy 
smokers  who  smoked  at  least  a  pack  and  a  half  of  tobacco  cigarettes 
with  a  machine  nicotine  delivery  of  0.8  mg  or  more.  A  serial 
subtraction  task  was  administered  and  EEGs  were  recorded  from 
subjects  in  an  eyes-open  state.  Alpha  frequency  was  not  affected  by 
periods  of  smoking  and  deprivation.  However,  theta  and  alpha  power 
increased  during  periods  of  deprivation  and  decreased  after  smoking 
tobacco  but  not  placebo  cigarettes.  The  effects  were  most  pronounced 
on  theta  power.  Increases  in  theta  power  occurred  as  early  as  30  min 
after  the  last  cigarette,  and  were  of  the  same  magnitude  as  those 
after  10  to  19  hr  of  nicotine  deprivation.  The  increase  in  EEG  theta 
was  interpreted  to  be  a  sign  of  tobacco  deprivation  (Chapter  IV). 

An  indirect  method  of  observing  an  increase  in  cortical  activation 
was  the  measurement  of  alpha  power  changes  after  tobacco  smoking. 
A  number  of  investigators  reported  a  decrease  in  alpha  power  or 
abundance  with  cigarette  smoking  (Murphree,  Pfeiffer,  Price  1967; 
Philips  1971;  Caille  and  Bassano  1974,  1976;  Murphree  1979; 
Herning,  Jones,  Bachmsui  1983;  Cinciripini  1986),  with  nicotine 
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polacrilex  gum  (Pickworth,  Heming,  Henningfield  1986,  in  press), 
and  with  i.v.  doses  of  nicotine  (Lukas  and  Jasinski  1983).  In  spite  of 
differences  in  the  number  of  cigarettes  regularly  smoked  by  the 
subjects,  the  length  of  tobacco  deprivation,  the  type  of  tobacco 
cigarette  smoked  during  the  experiment,  and  the  route  of  adminis- 
tration, nicotine  reduced  alpha  power. 

Brown  (1968)  measured  the  resting  EEG  for  heavy  smokers  and 
nonsmokers.  No  cigarettes  were  smoked.  The  EEG  of  the  heavy 
smokers  had  less  alpha  and  more  beta  activity.  Twelve  hours  of 
nonconfirmed  deprivation  in  the  heavy  smokers  did  not  change  the 
EEG  patterns. 

The  EEG  of  neonates  of  mothers  who  smoke  is  not  different  from 
that  of  neonates  of  control  mothers  (Chernick,  Childiaeva,  loffe 
1983).  Whether  acute  periods  of  smoking  may  affect  the  EEG  of  the 
child  before  birth  is  not  known. 

In  limited  animal  and  human  work,  individual  or  species  differ- 
ences in  the  effects  of  nicotine  on  the  EEG  have  been  observed. 
Nicotine  produced  a  dose-dependent  cortical  EEG  desynchronization 
in  C3H  mice  and  an  increase  in  synchronized  EEG  similar  to 
hippocampal  theta  activity  in  C57BL  mice  (Erwin,  Cornell,  Towell 
1986).  Both  effects  have  been  observed  at  different  doses  in  the  same 
preparation  (Kawamura  and  Domino  1969).  Lower  doses  produce 
EEG  desynchronization,  and  higher  doses  produce  hippocampal 
theta.  Tobacco  cigarette  smoking  decreased  EEG  alpha  power  in 
Type  A  subjects  and  increased  theta  power  in  T3^e  B  subjects 
deprived  of  nicotine  for  about  4  hr  (Cinciripini  1986).  The  relation- 
ship between  hippocampal  theta  in  animals  and  cortical  theta  in 
himaans  is  not  yet  understood.  In  nondrugged  animals  cortical 
desynchronization  and  hippocampal  theta  activity  often  occur  simul- 
taneously. Nicotine  at  low  doses  produces  cortical  desynchronization 
and  at  high  doses  produces  both  types  of  EEG  activity.  Animal  data 
indicate  that  nicotine  has  effects  on  at  least  two  systems  in  the  brain: 
a  midbrain  area  responsible  for  EEG  desynchronization  and  a  limbic 
system  generating  hippocampal  theta  activity.  These  findings  are 
consistent  with  the  observation  that  some  smokers  indicate  that  they 
smoke  for  nicotine's  stimulating  effects  and  others  smoke  for  its 
sedating  effects. 

Sensory  Event-Related  Potentials 

In  animals  and  humans,  the  brainstem  auditory-evoked  potential 
technique  provides  a  noninvasive  method  for  studying  the  effects  of 
nicotine  on  primary  auditory  sensory  function.  In  the  rat,  nicotine 
reduced  the  amplitudes  of  Waves  III  and  FV  of  the  brainstem 
auditory-evoked  response  (BAER)  (Bhargava  and  McKean  1977; 
Bhargava,  Salamy,  McKean  1978;  Bhargava,  Salamy,  Shah  1981). 
Serotonergic  mechanisms  may  mediate  the  nicotine-induced  reduc- 
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tion  in  latency.  Lavernhe-Lemaire  and  Garand  (1985)  found  essen- 
tially the  opposite.  Nicotine  increased  Waves  I-III  and  did  not 
decrease  Waves  IV  and  V  of  BAER. 

Auditory  event-related  potentials  (AERPs)  recorded  directly  from 
the  cortex  of  rat  have  provided  conflicting  information  about 
nicotine's  effects  on  auditory  transmission  from  the  inferior  collicu- 
lus  to  the  cortical  areas.  Guha  and  Pradhan  (1976),  using  pentobarbi- 
tal anesthesia,  found  a  dose-dependent  increase  in  PI  (40  ms)  and  Nl 
(110  ms)  of  the  AERP.  Bhargava^  Salamy,  and  McKean  (1978),  using 
chloralose  anesthesia  vath.  atropine  pretreatment,  reported  no 
nicotine-related  change  in  PI  (11  ms),  Nl  (28  ms),  P2  (75  nas),  and  N2 
(121  ms)  of  the  AERP; 

After  smoking,  the  PI  (50  ms)  of  the  human  AERP  is  increased 
during  passive  tasks  at  all  intensity  levels  and  the  Nl  (110  ms)  is 
increased  in  both  passive  and  active  tasks  (Knott  1985).  The  N2 
(about  215  ms)  to  P2  (about  2!50  ros)  component  of  the  AERP  recorded 
during  a  passive  task  was  reduced  after  cigarette  smoking  when 
compared  with  data  from  the  baseline  deprivation  test  (Friedman 
and  Meares  1980).  P2  was  also  reduced  by  nicotine  in  the  study  by 
Knott  (1985),  These  components  edso  increased  in  amplitude  as  the 
tobacco  deprivation  period  was  lengthened.  Any  attempt  to  relate 
this  finding  to  results  in  the  anesthetized  rat  would  be  speculative 
because  AERPs  recorded  from  the  cortex  of  unanesthetized  animals 
and  humans  are  difficult  to  compare  (Wood  et  al.  1984).  Alterations 
in  AERP  components  in  the  75-  to  150-ms  latency  range  have  been 
attributed  to  change  in  attention.  The  decrease  in  the  later  N2-P2 
component  is  more  likely,  to  reflect  reduced  habituation  to  auditory 
stimuli. 

The  effects  of  nicotijie  on  visiual  event-related  potentials  (VERPs) 
are  more  complicated  than  those  on  the  AERPs.  In  unaesthetized 
rabbits,  i.v.  nicotine  (0.025  to  0.500  mg/kg)  produced  a  complex 
VERP  change  (Sabelli  and  Giardini  1972).  At  2  min,  nicotine 
depressed  the  PI  (100  ms)  and  the  Nl  (250  ms).  At  5  min,  these 
components  were  enhanced.  At  doses  below  0.050  mg/kg,  the  Nl  was 
again  depressed  from  10  to  20  min  after  the  injection.  Pretreatment 
with  catecholamine  inhibitors  diminished  the  nicotine-induced 
VERP  changes.  The  authors  suggested  that  the  effect  of  nicotine  on 
VERPs  was  mediated  in  part  by  catecholaminergic  mechanisms. 

The  effects  of  nicotine  on  the  human  VERP  using  multiple  flash 
intensities  were  the  focus  of  four  studies.  The  studies  were  designed 
to  test  Buchsbaum  and  Silverman's  (1968)  concept  of  stimulus 
intensity  control  and  its  modulation  by  nicotine.  According  to  their 
theory,  sensory  processing  in  different  individuals  varies  in  at  least 
two  ways.  Some  persons,  "augmenters,"  are  more  sensitive  to  higher 
intensities  than  to  lower  intensities,  and  others,  "reducers,"  are 
more  sensitive  to  lower  than  to  higher  intensities.  Smokers  m^ht  be 
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one  particular  type  of  stimulus  processer  and  may  smoke  to  alter  or 
normalize  stimulus  intensity.  In  all  studies  the  comparison  was 
between  results  after  12  hr  or  more  of  unconfirmed  tobacco 
deprivation  and  those  after  recent  smoking.  Components  of  the 
VERP  increased  after  smoking  in  three  studies  (Hall  et  al.  1973; 
Friedman  and  Meares  1980;  Woodson  et  al.  1982)  but  decreased  in 
another  study  (Knott  and  Venables  1978).  The  increases  and 
decreases  occurred  in  components  of  the  same  latency  range  (75  to 
250  ms)  after  flash  onset.  The  fourth  study  differed  only  slightly 
from  the  others  in  that  it  used  a  between-subjects  and  not  within- 
subject  experimental  design.  Using  a  single  flash  intensity,  Vasquez 
and  Toman  (1967)  also  observed  a  decrease  in  components  IV  (^^0  ms) 
and  V  (170  ms)  of  the  VERP  when  compsured  with  results  after  36  hr 
of  tobacco  deprivation.  Two  studies  found  a  nicotine-induced  increase 
at  earlier  components  (III-IV  and  IV- V)  for  the  lower  intensities  only. 
The  other  study  reported  an  increase  in  later  components  (V-VI  and 
VI-VII)  at  the  higher  flash  intensities.  Knott  and  Venables  (1978) 
observed  the  decrease  after  smoking  in  the  middle  components  (IV-V 
and  V-VI)  for  the  lower  intensities.  Because  of  these  divergent 
results,  it  is  premature  to  conclude  that  smokers  are  exclusively 
augmenters  or  reducers  who  are  attempting  to  optimally  adjust 
stimulus  intensity  by  smoking. 

Cognitive  Event-Related  Potentials 

Cognitive  event-related  potentials  reflect  neural  events  which 
appear  to  be  related  to  different  aspects  of  cognition,  such  as 
attention  and  stimulus  evaluation.  They  usually  follow  the  sensory 
components  of  event-related  potentials  when  human  subjects  are 
performing  active  behavioral  tasks.  They  provide  information  not 
normally  available  from  performance  measures  such  as  reaction 
time.  Increases  or  decreases  in  these  potentials  after  smoking  can  aid 
in  our  understanding  the  effects  of  nicotine  on  performance. 

When  two  task-relevant  stimuli  are  separated  by  a  short  interval 
(1  to  3  sec),  a  negative  slow  wave  develops  between  them.  In 
particular,  this  contingent  negative  variation  (CNV)  develops  in 
warned  or  cued  reaction  times,  successive  discrimination,  and  some 
language  processing  tasks.  The  CNV  apipears  to  reflect  brain 
preparation  to  process  and  respond  to  the  second  stimulus.  Smoked 
tobacco  and  i.v.  nicotine  either  increase  or  decrease  the  CNV  (Ashton 
et  al.  1973,  1974,  1980;  Minnie  and  Comer  1978).  Extraverted 
smokers  took  longer  to  smoke  and  nicotine  increased  the  CNV. 
Introverted  subjects  smoked  faster  and  nicotine  decreased  the  CNV. 
Reaction  time  was  inversely  correlated  with  CNV  amplitude;  that  is, 
shorter  reaction  time  was  associated  with  larger  CNV.  With  i.v. 
doses  of  nicotine  (12.5  to  800.0  |j,g),  larger  doses  produced  a  decrease 
and  small  doses  produced  an  increase  in  the  CNV  in  the  same 
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subject.  O'Connor  (1982)  studied  the  effects  of  smoking  on  the 
orienting  (O  wave)  and  expectancy  (E  wave)  components  of  the  CNV 
in  introverted  and  extraverted  subjects.  The  O  wave  was  not  affected 
by  smoking.  The  E  wave,  recorded  in  frontal  areas,  was  increased  in 
extraverted  subjects  after  smoking.  The  E  wave  has  been  interpreted 
by  some  investigators  as  coFtic£d  preparation  for  a  response.  Smok- 
ing decreased  a  positive  parietal  E  wave  in  introverts.  Nicotine's 
effect  on  the  E  wave  suggests  the  possible  enhancement  of  motor 
preparation  in  the  extraverted  subjects.  The  decrease  of  parietal 
positivity  indicates  a  possible  enhancement  of  stimulus-processing 
capacitiies  in  the  introverts. 

Poststimulus  components  P2(00)  and  P3(00)  were  affected  by 
cigarette  smoking  and  nicotine  polacrilex  gum.  P2  is  thought  to  be 
an  index  of  habituation  (Hillyard  and  Picton  1979),  and  P3  an  index 
of  stimulus  evaluation  (Johnson  1986).  Both  components  were 
reduced  in  deprived  smokers  after  smoking  (Knott  1985;  Herning 
and  Jones  1979).  Knott  (1985)  interprets  the  reduction  in  P2  as  a 
more  efficient  habituation  of  sensory  screening  of  relevant  stimuli. 
The  reduction  in  P3  amplitude  after  smoking  indicates  a  poorer 
evaluation  of  task-relevant  stimuli.  The  PS  latency  and  reaction  time 
were  reduced  only  by  cigarettes  with  higher  machine-tested  nicotine 
yields  (Edward  et  al.  1985).  Such  data  indicate  faster  stimulus  and 
response  processing.  These  authors  did  not  report  any  P3  amplitude 
changes.  If  none  were  present  or  P3  was  reduced,  the  argument  for 
enhanced  stimulus  processing  would  be  weak.  Herning  and  Pick- 
worth  (1985)  reported  both  dose-dependent  increases  and  decreases 
in  P3  amplitude  as  a  function  of  background  noise  levels  when 
deprived  smokers  chewed  nicotine  polacrilex  gum  (4  mg  and  2  mg 
doses).  The  respective  increase  or  decrease  was  blocked  by  mecamy- 
lamine  pretreatment.  Thus,  the  effect  of  nicotine  on  stimulus 
evaluation  remains  unclear  and  is  perhaps  confounded  by  cognitive 
deficits  after  periods  of  nicotine  deprivation. 

Motor  Potentials 

O'Connor  (1986)  investigated  the  effect  of  tobacco  smoking  on 
motor  potential  and  motor  performance.  Smoking  increased  the 
motor  readiness  potential  in  extraverts,  but  not  in  introverts.  These 
results  are  consistent  with  his  earlier  finding  of  an  increased  E  wave 
in  extraverts  after  smoking.  For  introverts,  smoking  improved  task 
performance,  but  did  not  increase  the  motor  readiness  potential. 

Other  Peripheral  Effects  Relevant  to  Tobacco  Use 

In  addition  to  vast  central  and  peripheral  effects,  cigarette 
smoking  and  nicotine  have  other  peripheral  effects  that  may 
contribute  to  tobacco  use.  These  additional  factors  have  received  less 
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research  attention,  mainly  because  they  involve  relatively  new 
theory  or  methodological  approaches.  For  example,  there  is  evidence 
that  direct  stimulation  of  the  trachea  is  important  for  cigarettes  to 
satisfy  smokers  (Rose  et  al.  1984)  (Chapter  IV).  There  is  also  evidence 
that  nicotine  acts  directly  on  the  lung  to  stimulate  afferent  neurons 
that,  in  turn,  result  in  skeletal  muscle  relaxation  and  electrocortical 
arousal  (Ginzel  1987).  These  effects  may  contribute  to  the  relation- 
ship between  smoking  and  stress  (Chapter  VI).  Other  research 
indicates  that  smoking  affects  psychophysiological  reactivity,  an 
integrative  mechanism  that  is  different  from  the  classic,  physiologi- 
cal approach  of  examining  individual  systems  or  pathways.  There- 
fore, psychophysiological  reactivity  and  its  relevance  to  smoking  are 
discussed. 

Psychophysiological  Reactivity  and  Smoking 

Psychophysiological  reactivity  is  emerging  as  a  useful  construct  in 
smoking  research,  linking  basic  biological  processes  (genetic  vulnera- 
bility, central  neurochemical  factors)  to  behavioral  coping  and  other 
psychosocial  factors.  Psychophysiological  reactivity  refers  to  a 
physiological  response  to  a  specific  stimulus  or  as  a  result  of  the 
absence  of  stimulation.  This  response  can,  in  some  cases,  act  as  a 
stressor.  Within  the  broader  conceptual  framework  of  a  stress-coping 
model  of  smoking  addiction  (Shiffman  and  Wills  1985),  smoking 
behavior  can  be  viewed  both  as  a  potential  stimulus  and  as  a  coping 
response  that  modulates  psychophysiological  reactivity. 

Studies  of  psychophysiological  reactivity  illustrate  the  value  of 
controlled  laboratory  procedures  to  study  person-environment  inter- 
actions. Psychophysiological  reactivity  reflects  an  interaction  of  the 
organism  and  the  environment.  It  is  affected  by  individual  differ- 
ences in  multiple  response  modes  (physiological,  cognitive,  behavior- 
al) and  takes  into  account  the  genetic  and  learning  history  and 
current  state  of  the  organism. 

This  Section  reviews  two  separate  but  interrelated  lines  of 
psychophysiological  reactivity  research  with  humans.  The  first  is  the 
effect  of  smoking  on  psychophysiological  reactivity.  Related  issues 
include  identification  of  mechanisms  that  may  help  to  reveal  why 
some  individuals  smoke  and  the  relationship  between  smoking  and 
coronary  heart  disease  (CHD).  The  second  research  line  siddresses 
the  relationship  among  situational  events  (general  and  drug-specif- 
ic), psychophysiological  reactivity,  and  relapse. 

The  effects  of  smoking  on  the  cardiovascular  aspects  of  physiologi- 
cal reactivity  have  been  well  documented  and  appear  to  be  primarily 
due  to  effects  of  nicotine  and  carbon  monoxide  (Suter,  Buzzi,  Battig 
1983;  Koch  et  al.  1980;  Rosenberg  et  al.  1980).  In  individuals  with  no 
cardiovascular  disease,  some  of  the  typical  effects  of  smoking  and 
nicotine  are  elevated  heart  rate  and  blood  pressure  and  a  fall  in 
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fingertip  temperature  and  capillary  blood  flow  (Richardson  1987; 
Ashton  et  al.  1982;  Epstein  and  Jennings  1986;  Henningfield  et  al. 
1983), 

Accompanying  cardiovascular  reactions  to  smoking  are  cognitive 
reactions,  including  perceptions  of  relaxation,  and  anxiolytic,  antino- 
ciceptive, euphoric,  stimulative,  and  dysphoric  effects  (Kozlowski, 
Director,  Harford  1981).  Although  there  is  consistency  in  the 
literature  with  regard  to  the  self-reported  emotional  changes  experi- 
enced as  a  result  of  smoking,  there  are  clear  differences  in  response 
and  direction  of  effects  between  individuals  and  within  individuals 
over  time  (Best  and  Hackstian  1978;  Gilbert  1979;  Gilbert  and 
Welser,  in  press).  Smoking  can  produce  physiological  changes  that 
are  concurrent  with  subjective  tranquilizing  effects  (Nesbitt  1973; 
Shiffman  and  Jandk  1984;  Gilbert  1979).  This  phenomenon  has  led 
investigators  to  emphasize  the  importance  of  incorporating  physio- 
logical, psychological,  and  environmental  factors  into  more  biobeha- 
vioral  models  to  better  understand  the  cognitive  and  physiological 
components  of  reactivity  to  smoking  (Pomerleau  and  Pomerleau 
1984;  Baum,  Grunberg,  Singer  1982;  Abrams  et  al.  1987;  Grunberg 
and  Baum  1985).  For  example,  nicotine  has  direct  and  indirect 
actions  on  central  neuror^^ulatory  systems  and  has  biphasic  effects 
of  both  stimulation  and  blockade.  These  factors  can  help  explain 
effects  such  as  the  anxioljiiic  and  antinociceptive  phenomena 
(Pomerleau  1986)  at  a  cognitive  and  neurochemical  level,  while  at 
the  same  time  resulting  in  increased  heart  rate  and  blood  pressure 
and  decreased  perception  of  muscle  tension  (Epstein  et  al.  1984). 

In  addition  to  dosage,  biphasic,  and  physiological  factors,  the 
influence  of  setting  and  expectancy  set,  the  current  state  of  the 
individual  (smoking,  deprived,  stressed,  not  stressed),  and  individual 
differences  in  dependence,  genetic,  demographic,  and  learning 
history  can  all  influence  psychophysiological  reactivity.  For  exam- 
ple, smoking  a  1.3-mg-nicotine  cigarette  under  conditions  of  mild 
sensory  isolation  produced  consistent  arousal  effects  (i.e.,  elevations 
in  heart  rate  and  skin  conductance  level  with  decreases  in  EEG 
alpha  waves)  in  smokers  compared  with  sham  smoking  or  a 
situational  control  group.  However,  under  conditions  of  stress,  as 
induced  by  intermittent  noise  bursts,  a  mixed  stimulant  (heart  rate) 
and  depressant  (EEG,  skin  conductance)  response  was  observed 
(Golding  and  Mangan  1982).  Woodson  and  coworkers  (1986)  also 
reported  that  during  noise,  smoking  induced  cardiovascular  stimula- 
tion (i.e.,  heart  rate  acceleration,  peripheral  vasoconstriction)  but 
electrodermal  depression  (i.e.,  lowered  skin  conductance  response 
amplitude).  These  findings  are  consistent  with  the  conclusions  of 
Gilbert  and  Welser  (in  press)  that  unidimensional  models  are 
inadequate  to  explain  the  effects  of  smoking. 
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In  addition  to  research  on  the  impact  of  smoking  on  psychological 
and  physiological  processes,  studies  have  also  examined  the  com- 
bined cardiovascular  effects  of  smoking  and  stress;  In  this  context 
the  concept  of  cardiovascular  psychophysiological  reactivity  is  used 
to  help  clarify  the  relationship  among  stress,  smoking,  and  CHD 
(Epstein  and  Jennings  1986).  MacDougall  and  colleagues  (1983) 
randomly  assigned  51  male  smokers  to  smoking  versus  sham 
smoking  and  stress  versus  no  stress  conditions  in  a  2  x  2  factorial 
design.  The  stressor  was  a  difficult  video  game  performed  under 
challenging  conditions.  Subjects  who  sham  smoked  under  no  stress 
showed  minimal  cardiovascular  response.  Subjects  who  smoked 
under  no  stress  or  who  sham  smoked  under  stress  evidenced  similar 
degrees  of  response  of  about  a  15-bpm  increase  in  heart  rate,  a  12- 
mmHg  increase  in  systolic  blood  pressure,  and  a  9-mmHg  increase  in 
diastolic  blood  pressure.  Subjects  in  the  combined  smoking  and  stress 
condition  had  larger  increases  in  all  cardiovascular  measures.  The 
combination  of  mild  stress  and  smoking  produced  effects  that  were 
twice  those  of  either  condition  alone.  Smoking  and  stress  combined 
to  increase  cardiovascular  response  in  men. 

In  a  foUowup  study  of  women,  using  the  same  2  x  2  factorial 
design,  Dembroski  and  colleagues  (1985)  found  that  the  combined 
effect  of  stress  and  smoking  produced  blood  pressure  and  heart  rate 
increases  that  exceeded  the  sum  of  the  individual  effects.  However, 
because  modifications  were  made  in  dosage  and  psychological 
challenge,  the  two  studies  were  not  identical.  The  gender  differences 
noted  could  therefore  reflect  methodological  diffdrences,  uncon- 
trolled factors,  or  possibly  differences  between  the  sexes  in  response 
to  the  stress  and  smoking  stimuli.  Indeed,  it  has  been  noted  that 
females  may  be  more  likely  than  males  to  smoke  to  regulate  affect 
(Ikard  and  Tomkins  1973),  are  more  likely  to  relapse  after  quitting 
(Gritz  1986),  may  differ  in  biol(^cal  factors  relating  to  stress 
reactivity/sensitivity  (Abrams  et  al.  1987),  £md  show  greiater  changes 
in  body  weight  and  eating  behavior  in  response  to  nicotine  (Grun- 
berg,  Bowen,  Winders  1986;  Grunberg,  Winders,  Popp  1987).  (See 
Chapter  VII  for  a  discussion  of  treatment  implications  of  these 
possible  sex  differences.) 

In  a  condeptually  related  study,  the  relationship  betwieen  physio- 
logical responses  to  cognitive  (mental  arithmetic)  and  physical  (cold 
pressor)  stressors  was  examined  in  female  smokers  and  nonsmokers 
who  either  used  or  did  not  use  oral  contraceptives  (Emmons  and 
Weidner,  in  press).  All  subjects  showed  some  physiological  response 
(heart  rate  and  blood  pressure  resp(>nses)  to  the  stressors,  but  in 
smokers  oral  contraceptive  use  significantly  enhanced  the  systolic 
blood  pressure  response  to  cognitive  stress.  This  finding  may  be 
related  to  the  fact  that  smokers  who  use  oral  contraceptives  are  5.6- 
times  more  likely  to  have  a  myocardial  infarction  than  are  smokers 
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who  do  not  use  oral  contraceptives,  9.7-times  more  likely  than 
nonsmoking  users,  and  39-times  more  likely  than  nonsmokers  who 
do  not  use  oral  contraceptives  (Shapiro  et  al.  1979;  Jain  1976;  Ory 
1977). 

In  studies  of  psychophysiological  reactivity,  it  is  critical  to  identify, 
measure,  and  control  for  factors  that  might  confound  or  alter  the 
intended  impact  of  the  independent  variables.  For  instance,  time 
since  last  drink  and  beliefs,  expectations,  and  setting  are  important 
variables  to  consider  in  the  study  of  alcohol  addiction  (Abrams  and 
Wilson  1979;  Abrams  1983;  Marlatt  and  Rohsenow  1980).  The  2x2 
balanced  placebo  design  (Marlatt,  Demming,  Reid  1973),  where 
expectancy  set  (told  to  expect  the  drug  or  told  to  expect  no  drug)  and 
actual  content  (drug  versus  placebo)  are  fully  controlled,  has  been 
used  extensively  in  the  alcohol  addiction  field  to  isolate  the  separate 
and  interactive  elements  of  cognitive  and  pharmacologic  effects. 
With  smoking,  little  is  known  about  the  separate  and  interactive 
impacts  of  expectations  of  cigarettes'  effects  versus  their  actual 
pharmacologic  effects.  This  is  partially  because  it  is  difficult  to  find  a 
method  of  administration  that  closely  resembles  smoking  but  where 
the  required  manipulations  to  achieve  a  credible  balanced  placebo 
design  can  be  accomplished. 

Another  methodological  concern  is  control  over  the  dosage  of 
nicotine  absorbed  by  the  smoker.  Nicotine  is  thought  to  be  the  most 
important  tobacco  constituent  responsible  for  the  acute  effects  of 
smoking  on  reactivity,  attention  and  task  performance,  mood,  and 
withdrawal  following  cessation  (Perkins  et  al.,  in  press;  Pomerleau, 
Turk,  Fertig  1984;  Hughes  et  al.  1984).  However,  in  tobacco  smoking, 
nicotine  is  accompanied  by  more  than  4,000  other  compounds  (Dube 
and  Green  1982)  and  smokers  are  known  to  smoke  in  individualized 
ways  (Epstein  et  al.  1981)  (Chapter  IV).  The  coaching  of  puff 
frequency  and  other  attempts  to  standardize  intake  of  smoke  are 
imperfect  (Perkins  et  al.,  in  press).  An  aerosol  nasal  spray  appears  to 
be  a  promising  alternative  to  smoking  in  studies  of  behavioral  and 
physiological  effects.  It  allows  for  rapid  uptake  through  inhalation, 
and  a  dose-response  study  indicates  patterns  of  heart  rate,  blood 
pressure,  and  serum  nicotine  levels  that  are  very  similar  to  those 
obtained  by  smoking  cigarettes  of  equivalent  nicotine  content 
(Perkins  et  al.,  in  press). 

Perkins  and  coworkers  (in  press)  studied  the  separate  and  interac- 
tive effects  of  nicotine  administered  by  nasal  aerosols  and  stress  on 
psychophysiological  reactivity.  The  authors  note  that  the  previous 
studies  (MacDougall  et  al.  1983;  Dembroski  et  al.  1985)  could  be 
confounded  because  smokers  usually  smoke  more  under  stress  and 
therefore  they  may  inhale  more  nicotine  or  alter  their  smoking  in 
other  ways  when  stressed  (Mangan  and  Golding  1978;  Rose,  Ananda, 
Jarvik  1983)  (Chapter  VI).  In  other  words,  the  additive  effects  of 
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stress  and  smoking  on  physiological  responses  could  have  resulted 
from  uncontrolled  changes  in  smoking  pattern  between  the  smokers 
in  the  no-stress  and  stress  conditions.  Perkins  and  colleagues  (in 
press)  studied  12  male  smokers  in  a  repeated-measures  design,  where 
subjects  received  all  4  conditions  (stress  plus  nicotine,  stress  plus 
placebo,  rest  and  nicotine,  and  rest  and  placebo)  on  separate  days 
with  the  order  of  condition  counterbalanced  within  subjects.  Follow- 
ing the  methodology  of  previous  studies  of  psychophysiological 
reactivity,  the  researchers  used  an  active  stressor  consisting  of  a 
video  game  under  conditions  of  competitive  challenge.  Nicotine  was 
administered  in  measured  1.0-mg  doses  by  the  aerosol  nasal  method 
(Perkins  et  al.,  in  press).  CJonsistent  with  observations  of  MacDougall 
and  coworkers  (1983),  results  were  additive  for  heart  rate  reactivity. 
However,  effects  were  less  than  additive  for  systolic  and  diastolic 
blood  pressure. 

Taken  together,  the  studies  of  the  effects  of  smoking  cigarettes  and 
of  nicotine  aerosol  stimuli  on  the  physiological  responses  of  adult 
males  demonstrate  a  consistent  effect  for  the  stimuli  alone,  additive 
in  combination  with  stress  on  heart  rate,  and  additive  or  less  than 
additive  with  stress  on  blood  pressure.  There  is  some  suggestion  that 
effects  may  be  more  than  additive  for  women,  but  this  finding 
requires  replication. 

Psychophysiological  Reactivity,  Smoking  Cei^tion,  and 
Relapse 

Psychophysiological  reactivity  also  serves  as  a  conceptual  frame- 
work to  study  relapse  after  cessation  from  smoking  (Shiffman  1986b; 
Abrams  1986).  Individual  differences  in  psychophysiological  reactivi- 
ty and  associated  coping  responses,  as  a  function  of  genered  and 
smoking-specific  stressful  stimuli,  have  been  hy^thesized  to  medi- 
ate relapse.  For  example,  smokers  who  smoke  more  when  stressed 
might  be  particularly  vulnerable  to  relapse  (Pomerleau,  Adkins, 
Pertschuck  1978).  This  idea  is  consistent  with  the  observation  that 
relapse  may  be  triggered  by  life  stress  events  and  other  psychosocial 
demands  (Ockene  et  al.  1982)  and  by  high-risk  situations  including 
n^ative  emotions,  social  conflicts  and  pressures,  and  the  presence  of 
alcohol  or  smoking  cues  (Marlatt  and  Gordon  1985;  Shiffman  1979, 
1982, 1984, 1986a;  Abrams  et  al.  1986).  If  certain  psychophysiological 
reactivity  responses  distinguish  potential  abstainers  from  relapsers, 
cessation  may  be  better  maintained  by  identifying  "relapse-prone" 
individuals  (Chapter  VII). 

Stressful  environmental  demands,  sensitivity  of  the  individual  to 
these  demands,  and  the  repertoire  of  coping  responses  are  important 
factors  in  relapse  (Shiffman  and  Wills  1985;  Abrams  et  al.  1987). 
These  same  factors  also  may  contribute  to  initiation  of  smoking 
among  adolescents.  Wills  (1985)  provides  evidence  for  the  stress- 
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coping  model  of  smoking  in  adolescence,  relating  both  stress  and 
coping  patterns  to  substance  use.  Results  are  consistent  with  other 
findings  that,  in  addition  to  peer  pressure  to  smoke,  adolescents 
actively  seek  methods  of  coping  with  their  perceptions  of  stress 
(Wills  1985;  Friedman,  Lichtenstein,  Biglan  1985;  Botvin  and 
McAlister  1981),  Although  these  survey  studies  are  consistent  with 
the  notion  of  smoking  as  a  means  of  coping  with  psychophysiol(^cal 
reactivity  to  environmental  demands,  research  has  not  yet  measured 
reactivity  in  adolescents  prior  to  smoking  onset. 

Observational  and  retrospective  studies  of  relapse  have  identified 
other  smoking-specific  stressful  stimuli  and  cogni- 
tive/psychophysiological  measures  of  reactivity  that  are  relevant  to 
relapse.  Situations  or  stimuli  that  cue  smoking  and  are  associated 
with  relapse  include  pharmacologic  dependence  and  withdrawal 
symptoms  (Jarvik  1977-  Pomerleau  and  Pomerleau,  in  press;  Hughes 
et  al.  1984),  stimuli  previously  associated  with  smoking  (e.g.,  coffee 
drinking,  alcohol)  (Shiffman  1984,  1986a;  Best  and  Hakstian  1978), 
and  urges  to  smoke  (Myrsten,  Elgerot,  Edgren  1977).  Situational 
stimuli  may  or  may  not  have  previously  been  paired  with  smoking 
and  may  or  may  not  include  smoking  cues  as  a  trigger  for  relapse. 

Substance  use  cues  themselves  (e.g.,  the  sight  and  smell  of 
cigarettes)  also  may  precipitate  relapse,  perhaps  in  combination  with 
other  stressful  stimuli  or  in  a  vulnerable  individual  (Shiffman  1986b; 
Abrams  et  al.  1987).  Models  of  how  substance  use  cues  are  related  to 
relapse  have  been  proposed  on  the  basis  of  classical,  operant,  and 
social  learning  principles.  Reactions  may  be  conditioned  to  stimuli 
repeatedly  paired  with  smoking,  resulting  in  craving  and  physiologi- 
cal reactivity  in  their  presence  and  moderated  by  dependence, 
tolerance,  and  nonpharmacologic  withdrawal  (Siegel  1983;  Cooney, 
Baker,  Pomerleau  1983;  Gritz  1980).  Psychophysiological  reactivity 
to  smoking  cues  could  mimic  the  prior  drug  response  (Wilder  1965), 
result  in  a  drug-opposite  (compensatory)  response  (Siegel  1983),  or 
have  other  effects  on  psychological  processes  such  as  perceived 
anxiety,  urges  to  smoke,  and  self-efficacy  in  resisting  relapse 
according  to  a  social  learning  model  of  relapse  (Marlatt  and  Gordon 
1985). 

Abrams  and  colleagues  (1987)  studied  the  psychophysiological 
reactivity  and  behavioral  coping  responses  of  male  and  female 
relapsers  and  quitters  in  four  simulated  situational  contexts:  general 
social  situations,  smoking-specific  negative  emotional  and  interper- 
sonal role-plays,  high-demand  social  stress,  and  relaxation.  Com- 
pared to  abstainers,  relapsers  had  higher  heart  rates  and  higher 
perceived  anxiety  and  were  rated  as  less  skillful  at  coping  in  the 
smoking-specific  intrapersonal  (negative  affect)  situations.  There 
were  no  differences  on  any  measures  in  the  high-performance- 
demand  genersd-social-stress  procedure.  There  were  some  differences 
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in  heart  rate  and  self-reported  anxiety  in  the  general  social 
situations  and  in  heart  rate  in  the  relaxation  interval,  with  relapsers 
having  higher  levels  than  abstainers.  Abstainers  and  relapsers  did 
not  differ  in  heart  rate,  perceived  anxiety,  or  coping  skills  in  the 
high-demand  social  anxiety  procedure,  but  they  did  differ  in  the 
other  situations.  The  results  suggest  that  selected  situational 
demands  prompt  situation-specific  psychophysiological  changes. 

Rickard-Figueroa  and  Zeichner  (1985)  used  a  within-subjects 
design  to  examine  the  responses  of  smokers  to  a  confederate  of  the 
experimenter  lighting  and  smoking  the  subject's  preferred  brand  of 
cigarette  behind  a  glass  window.  Cigarette  paraphernalia  were 
placed  adjacent  to  the  subject  but  smoking  was  not  permitted  until 
after  the  session.  The  cue  exposure  manipulation  resulted  in  higher 
ui^es  to  smoke,  increased  systolic  and  diastolic  blood  pressure,  and 
increased  heart  rate  variability  compared  with  a  no-cue  condition. 
Urges  were  significantly  positively  correlated  with  diastolic  blood 
pressure,  the  use  of  active  mastery  to  cope  with  urges,  and  the  more 
rapid  smoking  of  a  standard  cigarette  after  the  trial. 

In  a  study  that  shows  some  evidence  for  a  conditioned  response, 
Saumet  and  Dittmar  (1985)  measured  finger-pulse  amplitude,  a 
nieasure  of  peripheral  vasoconstrictive  activity,  while  subjects 
placed  an  unlit  cigarette  into  their  mouths  and  waited  for  it  to  be  lit. 
Heavy  smokers  showed  an  anticipatory  vasoconstrictive  response  to 
the  cigarette  compared  with  light  smokers  and  nonsmokers. 

Abrams  and  colleagues  (in  press)  used  smoking  cues  and  a  social 
stressor  to  simulate  an  interpersonal  situation  with  high  risk  for 
relapse.  Relapsers,  abstainers,  and  never  smokers  were  examined  for 
psychophysiological  reactivity.  Compared  with  controls  (never  smok- 
ers), relapsers  had  significant  heart  rate  reactivity,  stronger  urges  to 
smoke,  and  subjective  anxiety.  Trained  raters,  unaware  of  subject 
smoking  status,  judged  relapsers  as  having  significantly  less  effec- 
tive coping  skills  to  resist  smoking.  In  a  second  study,  the  same 
assessment  was  used  prospectively  in  a  treatment  outcome  context 
to  determine  whether  patterns  of  psychophysiological  reactivity 
could  discriminate  between  quitters  who  maintain  abstinence  from 
those  who  do  not.  Both  heart  rate  reactivity  and  subjective  anxiety 
were  greater  in  quitters  who  relapsed  at  6-month  foUowup  compared 
with  those  who  continued  to  abstain.  The  groups  did  not  differ  with 
regard  to  urges  to  smoke  or  behavioral  judgments  of  coping  skill. 
Thus,  the  two  studies  were  consistent  for  heart  rate  and  perceived 
anxiety  but  not  for  urges  or  objective  ratings  of  coping  effectiveness. 

In  a  reanalj^is  of  the  heart  rate  data  from  Abrams  and  coworkers 
(in  press),  Niaura  and  colleagues  (in  press)  examined  beat  by  beat 
event-related  heart  rate  during  the  period  immediately  before  and 
for  the  10  sec  following  the  lighting  of  a  cigarette  by  a  confederate 
(subjects  did  not  smoke  throughout).  Prospective  relapsers  showed  a 
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strong  decelerative  trend  at  the  point  of  lighting,  whereas  prospec- 
tive abstainers  did  not.  The  results  may  reflect  a  conditioned 
compensatory  response  (Siegel  1983)  or  some  other  information 
processing/attentional  phenomenon  (Sokolov  1963;  Knott  1984).  In 
another  treatment  study,  Emmons  (1987)  examined  smokers'  cardio- 
vascular reactivity  to  mental  arithmetic  or  deep  knee  bends  before 
and  6  months  after  smoking  cessation.  There  was  no  change  in 
reactivity  (heart  rate,  systolic  and  diastolic  blood  pressure)  to  either 
stressor  before  and  after  quitting.  Heightened  pretreatment  heart 
rate  reactivity  significantly  discriminated  relapse  at  &-month  follow- 
up. 

Individual  differences  in  psychophysiological  reactivity  may  influ- 
ence the  likelihood  of  relapse.  This  possibility  is  discussed  in  Chapter 
VII. 

Summary  and  Conclusions 

1.  Nicotine  is  a  powerful  pharmacologic  agent  that  acts  in  the 
brain  and  throughout  the  body.  Actions  include  electrocortical 
activation,  skeletal  muscle  relaxation,  and  cardiovascular  and 
endocrine  effects.  The  many  biochemical  and  electrocortical 
effects  of  nicotine  may  act  in  concert  to  reinforce  tobacco  use. 

2.  Nicotine  acts  on  specific  binding  sites  or  receptors  throughout 
the  nervous  system.  Nicotine  readily  crosses  the  blood-brain 
barrier  and  accumulates  in  the  brain  shortly  after  it  enters  the 
body.  Once  in  the  brain,  it  interacts  with  specific  receptors  and 
alters  brain  energy  metabolism  in  a  pattern  consistent  with  the 
distribution  of  specific  binding  sites  for  the  drug. 

3.  Nicotine  and  smoking  exert  effects  on  nearly  all  components  of 
the  endocrine  and  neuroendocrine  systems  (including  catechol- 
amines, serotonin,  corticosteroids,  pituitary  hormones).  Some 
of  these  endocrine  effects  are  mediated  by  actions  of  nicotine 
on  brain  neurotransmitter  systems  (e.g.,  hypothalamic-pitu- 
itary  axis).  In  addition,  nicotine  has  direct  peripherally  mediat- 
ed effects  (e.g.,  on  the  adrenal  medulla  and  the  adrenal  cortex). 
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Introduction 

This  Chapter  reviews  the  evidence  that  tobacco  is  a  pharmacologi- 
cally addicting  substance  and  that  tobacco  use  can  be  considered  a 
form  of  drug  addiction.  Specific  criteria  to  identify  a  substance  as 
pharmacologically  addicting  are  discussed  in  Chapters  I  and  V.  In 
brief,  the  criteria  are:  (1)  that  highly  controlled  or  compulsive 
patterns  of  drug  taking  occur,  (2)  that  a  psychoactive  or  mood- 
altering  drug  is  ingested  by  use  of  the  substance  and  is  involved  in 
the  resulting  pattern?  of  behavior,  and  (3)  that  the  drug  is  capable  of 
functioning  as  a  reinforcer  that  can  directly  strengthen  behavior 
leading  to  further  drug  ingestion.  Addicting  drugs  can  be  character- 
ized by  other  properties  that  include  the  following:  they  can  produce 
pleasurable  effects  in  users,  they  can  cause  tolerance  and  physical 
dependence,  and  they  can  have  adverse  or  toxic  effects.  Drawing 
upon  data  from  studies  of  tobacco  and  nicotine,  involving  both 
humans  and  animals,  the  present  Chapter  reviews  the  evidence  that 
tobacco  meets  the  criteria  as  a  pharmacologically  addicting  sub- 
stance. A  specific  comparison  of  tobacco  to  other  pharmacologically 
addicting  substances  is  provided  in  Chapter  V. 

Cigarette  Smoking:  Controlled  Drug  Self-Administration 

Highly  controlled  or  compulsive  drug  use  refers  to  drug-seeking 
and  drug-taking  behavior  that  is  driven  by  strong,  often  irresistible 
ui^es.  It  can  persist  despite  a  desire  to  quit  or  even  repeated 
attempts  to  quit. 

Basic  observations  and  experimental  research  indicate  that  ciga- 
rette smoking  is  not  a  random  or  capricious  behavior  that  simply 
occurs  at  the  will  or  pleasure  of  those  who  smoke.  Rather,  smoking  is 
the  result  of  behavioral  and  pharmacologic  factors  that  lead  to 
highly  controlled  or  compulsive  use  of  cigarettes.  The  h^hly 
consistent  patterns  of  cigarette  smoking  illustrate  the  controlled 
nature  of  the  behavior.  For  example,  following  initiation  of  smoking 
the  individual  gradually  increases  cigarette  intake  over  time  until 
he  or  she  achieves  a  level  that  remains  stable,  day  after  day,  during 
the  smoker's  lifetime  (Schuman  1977;  US  DHHS  1987a).  The 
dependent  smoker  tends  to  adopt  a  pattern  in  which  the  initial 
cigarette  of  the  day  is  smoked  soon  after  waking  (Fagerstrom  1978) 
and  in  which  smoking  throughout  the  day  is  regular  from  day  to  day 
(Griffiths  and  Henningfield  1982;  Griffiths,  Henningfield,  Bigelow 
1982).  "Occasional"  cigarette  smoking  (or  "chipping")  occurs  just  as 
does  occasional  use  of  other  addicting  drugs  (see  Chapter  V); 
however,  the  1985  National  Health  Interview  Survey  showed  that 
only  10.6  percent  of  current  smokers  smoke  5  or  fewer  cigarettes/day 
(unpublished  data.  Office  on  Smoking  and  Health;  see  also  Russell 
1976  and  US  DHHS  1987a). 
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strong  evidence  that  cigarette  smoking  is  a  highly  controlled  or 
compulsive  behavior  is  provided  by  survey  data  showing  that  a 
majority  of  smokers  have  tried  to  quit  or  at  least  would  like  to  quit. 
For  example,  several  Gallup  surveys  have  shown  that  a  large 
majority  of  smokers  report  a  desire  to  quit  smoking;  in  fact,  the 
proportion  of  smokers  who  would  like  to  quit  increased  from  66 
percent  in  1977  to  77  percent  in  1987  (Gallup  1987),  perhaps  because 
of  a  declining  social  acceptability  of  smoking  and  the  growing 
awareness  of  the  health  hazards  of  smoking.  In  addition,  the  1986 
Adult  Use  of  Tobacco  Survey  (US  DHHS  1987b)  showed  that  65 
percent  of  cigarette  smokers  had  made  at  least  one  serious  attempt 
to  quit;  another  21  percent  said  that  they  would  try  to  quit  "if  there 
were  an  easy  way  to  do  so"  (Fiore  et  aL,  in  press;  US  DHHS  1986). 

The  compulsive  nature  of  cigarette  smoking  is  most  apparent  in 
extreme  cases:  for  example,  the  laryngectomized  patient  who,  having 
already  suffered  severe  consequences  of  smoking,  continues  to  smoke 
through  a  tracheostomy  hole.  Similarly,  50  percent  or  more  of 
patients  recovering  from  surgery  for  a  smoking-related  disease  (e.g., 
cancer,  cardiovascular  disease)  resume  smoking  while  in  the  hospit^d 
or  shortly  after  discharge  (Burling,  Singleton  et  al.  1986;  West  and 
Evans  1986). 

In  this  Section,  the  behavioral  process  of  cigarette  smoking  and 
the  factors  which  determine  the  course  of  the  behavior  are  described. 
Evidence  that  cigarette  smoking  is  repetitious  and  stereotypic, 
common  features  of  compulsive  dn:^  use,  is  reviewed  in  this  Section, 
as  well  as  evidence  that  actions  of  nicotine  are  responsible  for 
patterns  of  smoking  behavior.  Initially,  however,  it  is  necessary  to 
briefly  review  the  methods  by  which  the  behavioral  process  of 
cigarette  smoking  is  studied,  as  well  as  the  main  findings  from  such 
studies. 

Measiiremeiit  of  Cigarette  Smoking 

Cigarette  smoking  behavior  may  b^  analjrzed  at  different  levels 
ranging  from  epidemiological  surveys  to  the  analysis  of  cigarette 
puffing.  In  fact,  many  thousands  of  scientific  articles  have  been 
published  in  which  some  aspect  of  cigarette  smoking  is  described. 
Much  of  this  research  has  been  reviewed  in  the  tobacco  research 
compendia  of  Larson  and  his  colleagues  (Larson,  Haag,  Silvette  1961; 
Larson  and  Silvette  1968,  1971,  1975),  a  previous  report  of  the 
Surgeon  General  (US  DHEW  1979),  several  monographs  of  the 
National  Institute  on  Drug  Abuse  (NIDA)  (Jarvik  et  al.  1977; 
Krasnegor  1978, 1979a,b,c;  Grabowski  and  Bell  1983;  Grabowski  and 
Hall  1986)  and  in  articles  by  others  (Russell  1971,  1976;  Gritz  1980; 
Henningfield  1984). 

It  is  characteristic  of  drug  dependence  that  the  drug-seeking  and 
self-administration  behaviors  become  stereot3npical  and  automatic  iii 
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Tobacco  comprises: 


1-  Cigarette  constituents 

•  Organic  matter 

•  Nicotinic  alkyloids 

•  Additives 

2  -   Pyrolysis  products 

•  Carbon  dioxide 

•  Carbon  monoxide 
-•Tar  Filter 

traps  some 
particulates 

Smoke 

production   

by  pyrolysis  C>fcr^M.J^ 
(1600-  1800O  F)        ii    ^  l\ 

Air  dilution 

and  cooling  via 
porous  paper 


To  lungs,  where 
absorption  occurs 

Absorption  factors: 

•  Inhalation  amount 

•  Inhalation  depth 

•  Inhalation  duration 

•  pH  of  smoke 

•  Absorption  characteristics 

of  individual  constituents 


FIGURE  1. — Production  and  fate  of  cigarette  smoke 
constituents 

NOTE:  Description  of  complexity  of  process  by  which  nicotine  is  extracted  from  cigarette.  Amount  of  nicotine 
ultimately  absorbed  is  as  much  a  function  of  smoker  behavior  as  of  cigarette  characteristics. 
SOURCE:  Henningfield  (1984). 

appearance;  cigarette  smoking  is  no  exception.  The  behavior  of 
lighting,  smoking,  and  extinguishing  cigarettes,  including  puffing 
and  inhaling,  also  becomes  regular  in  smokers  over  time.  The 
measurement  techniques  that  permit  such  conclusions,  however, 
must  address  a  complex  behavior.  There  are  many  variables  (e.g., 
number  of  puffs,  depth  of  inhalations)  that  might  change  and 
thereby  affect  the  intake  of  tobacco  smoke  and  its  various  constitu- 
ents (e.g.,  nicotine,  tar,  carbon  monoxide  (CO)).  As  shown  in  Figure  1, 
the  process  of  producing  cigarette  smoke  constituents  itself  is 
complex  (see  US  DHEW  1979;  US  DHHS  1981,  for  a  more  thorough 
discussion  of  these  factors).  This  complexity  emphasizes  the  impor- 
tance of  the  use  of  careful  measurement  and  multiple  measures  to 
ensure  accurate  characterization  of  cigarette  smoking. 

Quantification  of  cigarette  smoking  behavior  has  improved  with 
the  development  of  automated  measurement  techniques.  These 
techniques  permit  the  measurement  of  puffing  and  inhalation  both 
in  the  laboratory  (Gust,  Pickens,  Pechacek  1983;  Epstein,  Dickson, 
Stiller  et  al.  1982;  Creightpn,  Noble,  Whewell  1978;  Herning,  Hunt, 
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Jones  1983;  Henningfield  and  Griffiths  1979;  Puustinen  et  al.  1987) 
and  outside  the  laboratory  (Henningfield  et  al.  1980;  Grabowski  and 
Bell  1983).  Puffing  behavior  is  generally  measured  by  having 
subjects  smoke  through  cigarette  holders  that  measure  air  flow  by 
use  of  either  temperature-sensitive  thermistors  (Gritz,  Rose,  Jarvik 
1983;  Fagerstrom  and  Bates  1981)  or  pressure-sensing  transducers 
(Henningfield  and  Griffiths  1979;  Gust,  Pickens,  Pechacek  1983a; 
Rawbone  et  al.  1978).  Inhalation  behavior  has  been  measured  by  a 
variety  of  techniques,  includii^  mercury  strain  gauge  pneumogra- 
phy (Rawbone  et  al.  1978;  Herning  et  al.  1983),  head-  and  arms-out 
whole-body  plethysmography  (Adanis  et  al.  1983),  and  impedance 
(Nil,  Buzzi,  Battig  1986)  and  inductive  plethysmography  (Herning, 
Hunt,  Jones  1983;  Tobin  and  Sackner  1982;  Tobin,  Jenouri,  Sackner 
1982).  Other  methods  include  the  use  of  inert  gas  radiotracers  to 
determine  the  amount  of  smoke  inhaled  (Sheahan  et  al.  1980; 
Woodman  et  al.  1986)  and  a  sensor  for  directly  measuring  the 
concentration  of  smoke  particles  in  the  Holder  before  puffing 
(Jenkins  and  Gayle  1984). 

These  procedures  have  proved  to  be  valuable  and  reliable  methods 
of  measuring  smoking  behavior  (Woodman  et  al.  1984;  Herning, 
Hunt,  Jones  1983).  Comparisons  of  data  obtained  when  simply 
observing  smokers  to  data  obtained  when  using  the  mechanical 
devices  indicate  that  such  automated  measuring  techniques  are 
valid.  Such  comparisons  reveal  consistent  findings  on  measures  such 
as  number  and  duration  of  puffs  and  even  of  patterns  of  puffing 
within  cigarettes  (Henningfield  and  Griffiths  1979;  Griffiths  and 
Henningfield  1982).  However,  other  research  suggests  that  the 
devices  may  alter  certain  characteristics  of  smoking  such  as  intensi- 
ty of  puffing  (Tobin  and  Sackner  1982;  Ashton,  Stepney,  Thompson 
1978;  Ossip-Klein,  Martin  et  al.  1983).  In  addition,  some  smoking 
behaviors,  such  as  blocking  the  ventilation  holes  of  filters  of  low- 
yield  cigarettes  (which  can  markedly  influence  nicotine  and  tar 
intake  from  the  cigarette)  are  thwarted  by  the  use  of  a  cigarette 
holder.  Nonetheless,  such  measurements  are  useful  and  appear  to 
provide  valid  means  of  evaluating  the  effects  of  specific  experimental 
manipulations. 

Measurement  of  the  intake  of  cigarette  smoke  constituents  may 
also  be  obtained  by  analysis  of  various  biological  fluids  (saliva,  urine, 
or  blood)  and  expired  air.  Chapter  II  reviewed  the  methods  and 
practical  issues  of  using  such  specimens  to  assess  resulting  levels  of 
nicotine,  cotinine  (a  nicotine  metabolite),  CO,  and  other  tobacco- 
associated  compounds  (see  also  Jarvis  et  al.  1987;  Benowitz  1983). 

Use  of  the  methods  described  above  has  led  to  a  nluch  better 
understanding  of  how  cigarettes  are  smoked  and  factors  that  affect 
intake  of  smoke  constituents  such  as  CO  and  nicotine.  In  addition, 
these  methods  permit  conclusions  regarding  which  aspects  of  smok- 


152 


ing  are  most  robust  across  individuals,  which  aspects  are  strongly 
influenced  by  pharmacologic  factors,  and  which  aspects  appear  to  be 
determined  by  other  factors.  Some  of  these  findings  are  reviewed  in 
subsequent  sections. 

Characterization  of  Cigarette  Smoking  Behavior 

Although  the  process  of  smoking  a  cigarette  may  appear  to  be  a 
simple  behavior,  it  is  actually  a  complex  series  of  events;  a  full 
characterization  requires  the  measurement  of  a  variety  of  interde- 
pendent indices  of  frequency,  duration,  and  volume.  Even  the  act  of 
taking  a  single  puff  is  complex.  Typically,  a  smoker  puffs  a  volume  of 
smoke  into  the  mouth,  where  it  is  held  for  a  short  period  of  time 
(Guillerm  and  Radziszewski  1978;  Medici,  Unger,  Riiegger  1985).  The 
puff  itself  can  occur  at  any  point  during  inhalation,  although  most 
commonly  it  occurs  toward  the  beginning  of  an  inhalation  (McBride 
et  al.  1984;  Guillerm  and  Radziszewski  1978).  During  inhalation,  the 
puff  is  diluted  with  ambient  air  which  may  be  inhaled  through  the 
nose,  the  mouth,  or  both  (Rodenstein  and  Stanescu  1985;  McBride  et 
al.  i984;  Adams  et  al.  1983).  The  pt^tpuff  inhalation  is  generally 
longer  and  larger  in  volume  than  normal  inspirations  (Rodenstein 
and  Stanescu  1985;  McBride  et  al.  1984).  After  a  variable  period  of 
breath  holding,  the  smoker  exhales,  usually  through  the  mouth 
(Rodenstein  and  Stanescu  1985). 

All  of  the  above-mentioned  behavioral  factors  can  alter  nicotine 
absorption.  The  likely  impact  of  some  factors  is  obvious  (e.g.,  number 
of  puffs  taken)  (Kozlowski  1981);  others  are  much  more  subtle  (e.g., 
puff  shape,  which  is  a  function  of  the  air  flow  rate  over  time) 
(Creighton  and  Lewis  1978b).  Analogous  but  distinct  from  puffing 
factors  are  inhalation  factors  (e.g.,  depth  and  duration,  dilution  of 
the  puff  with  ambient  air)  which  can  also  determine  the  amount  of 
tobacco  smoke  constituents  which  are  absorbed.  Table  1  lists  several 
measures  of  cigarette  smoking  that  have  been  objectively  defined 
and  measured. 

The  relationships  among,  these  behavioral  measures  have  been 
studied.  For  instance,  duration  and  volume  of  puf^g  are  generally 
highly  correlated  although  they  vary  somewhat  from  smoker  to 
smoker  (Gust  and  Pickens  1982;  Epstein  et  al.  1982;  Adams  et  al. 
1983;  Nemeth-Coslett  and  Griffiths  1985;  Gust,  Pickens,  Pechacek 
1983b;  Gritz,  Rose,  Jarvik  1983).  Peak  smoke  flow  rate  has  been 
reported  to  be  moderately  correlated  with  puff  volume  and  weakly 
correlated  with  puff  duration  (Gritz,  Rose,  Jarvik  1983).  The 
relationship  between  puff  volimie  and  interpuff  interval  is  much 
more  variable  (Adams  et  al.  1983;  Gust,  Pickens,  Pechacek  1983b), 
and  puffs  per  cigarette  and  puff  duration  have  been  found  to  be 
inversely  related  (Lichtenstein  and  Antonuccio  1981). 
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TABLE  1. — ^Behavioral  measures  of  cigarette  smoking 


PuMng  behavior 


Inhalation  behavior 


Puffs/cigarette 


Inhalation  volume 


Interpuff  interval 


Inhalation  duration 


Puff  duration 


Breathhold  duration 


Butt  length  (weight) 


Lang  exposure  duration 


Puff  volume 


Percent  of  puff  inhaled 


Puff  shape 

Puff  flow  rate  (puff  intensity) 
Peak  flow  rate  (pressure) 
Latency  to  peak  flow  rate  (pressure) 
Percent  puffing  time 


When  the  smoking  of  individual  cigarettes  is  studied,  the  mea- 
sures of  cigarette  smoking  behavior  and  the  resulting  levels  of 
biochemical  markers  have  also  been  found  to  be  highly  correlated. 
For  example,  four  studies  found  positive  correlations  between  one  or 
more  of  the  behavioral  measures  and  plasma  nicotine  levels  (Pomer- 
leau,  Pomerleau,  Majchrzak  1987;  Sutton  et  al.  1982;  Bridges  et  al. 
1986;  Herning  et  al.  1983).  Using  another  approach,  Zacny  and 
associates  (1987)  independently  varied  three  aspects  of  smoking — 
puff  volume,  inhalation  volume,  and  lung  exposure  duration.  They 
found  that  increases  in  puff  volimie  (from  15  to  60  mL)  produced 
proportional  increases  in  plasma  nicotine  level,  whereas  increases  in 
inhalation  volume  (from  10  or  20  to  60  percent  of  vital  capacity)  or 
lung  exposure  duration  (from  5  to  21  sec)  had  no  such  effect. 

CO  intake  (measured  either  from  expired  air  or  blood  samples)  also 
tends  to  be  positively  related  to  measures  of  smoking  behavior, 
including  total  puff  volume  (Gust  and  Pickens  1982;  Guillerm  and 
Radziszewski  1978;  Nil,  Buzzi,  Battig  1984;  Woodman  et  al.  1986)  and 
mean  puff  volume  (Zacny  et  al.  1987;  Zacny  and  Stitzer  1986). 
McBride  and  coworkers  (1984)  found  moderate  correlations  (r=0.36 
to  0.45)  between  CO  boost  and  other  measures  of  ventilation  (tidal 
volume,  minute  ventilation,  and  prepuff  expiratory  volume).  These 
studies  illustrate  some  of  the  ways  that  specific  aspects  of  cigarette 
smoking  can  affect  absorption  of  smoke  constituents.  These  mea- 
sures have  been  used  to  scientifically  describe  many  features  of 
cigarette  smoking.  A  summary  of  findings  that  have  emerged  from 
such  studies  is  presented  in  the  next  Section. 


154 


Patterns  of  Puffing  and  Inhaling 

Several  studies  have  characterized  the  behavior  of  cigarette 
smoking  in  and  outside  the  laboratory.  The  values  of  the  most 
frequently  measured  variables  are  shown  in  Table  2.  Despite  a  wide 
range  of  variations  among  studies,  including  differences  in  subject 
population  (age,  gender,  smoking  history,  type  of  cigarette  smoked), 
experimental  setting,  method  used  to  collect  the  measurements, 
apparatus  calibration  procedures,  and  operational  definitions  of  the 
measured  variables,  the  findings  among  studies  are  strikingly 
consistent. 

Over  the  course  of  smoking  each  cigarette  there  are  striking 
consistencies  from  cigarette  to  cigarette,  both  within  and  between 
individuals.  For  example,  during  the  smoking  of  a  single  cigarette, 
the  duration  of  each  puff  tends  to  decrease  and /or  the  time  between 
each  puff  (interpuff  interval)  tends  to  increase  (Graham  et  al.  1963; 
Griffiths  and  Henningfield  1982;  Nemeth-Coslett  and  Griffiths  1985; 
Herning  et  al.  1981;  Gust,  Pickens,  Pechacek  1983b;  Woodman  et  al. 
1986;  Buzzi,  Nil,  Battig  1985;  Adams  et  al.  1983;  McBride  et  al.  1984; 
Chait  and  Griffiths  1982a).  These  trends  were  also  found  in 
nonlaboratory  observations  by  Schulz  and  Seehofer  (1978).  , 

Although  these  observations  reflect  a. tendency  to  decrease  overall 
intensity  of  smoking  over  the  course  of  the  cigarette,  the  specific 
factors  which  produce  such  effects  remain  to  be  fully  elucidated.  The 
pattern  has  been  hypothesized  to  be  related  to  the  nicotine  dose  per 
puff  (Rickert  et  al.  1983;  Russell  et  al.  1975;  Chamberlain  and 
Higenbottam  1985),  because  the  nicotine  concentration  of  smoke 
increases  as  the  cigarette  is  smoked  (Kozlpwski  1981).  However, 
experimental  studies  suggest  that  within-cigarette  changes  in  puff 
intensity  are  not  a  simple  function  of  the  nicotine  dose  per  puff 
(Nemeth-Coslett  and  Griffiths  1984a,b,  1985).  Furthermore,  puff 
volume  may  not  be  controlled  by  the  same  factors  as  puff  duration 
(Nemeth-Coslett  and  Griffiths  1985).  Thus,  the  orderline^  of  the 
behavior  may  be  duci  to  a  variety  of  factors. 

Various  other  aspects  of  puffing  and  inhaling  during  the  smoking 
of  single  cigarettes  have  been  studied  and  provide  further  informa- 
tion that  helps  to  characterize  this  complex  behavioral  process.  For 
example,  puff  shape  (puff  intensity  over  time)  (McBride  et  al.  1984), 
latency  to  peak  puff  pressure  (Buzzi,  Nil,  Battig  1985),  and  inhala- 
tion volume  and  duration  (Adams  et  al.  1983)  did  not  change  over  the 
course  of  smoking  single  cigarettes.  The  volume  expired  from  puff  to 
puff  during  and  immediately  after  puffing  (before  inhalation)  was 
lower  for  early  puffs  than  for  later  puffs  (Adams  et  al.  1983). 
Woodman  and  colleagues  (1986)  reported  that  the  amount  of  smoke 
actually  inhaled  (range,  46  to  88  percent  of  puff  volume)  decreased 
proportionately  with  puff  volume  as  cigarettes  were  smoked.  Finally, 
significant  changes  from  cigarette  to  cigarette  in  puff  volume  and 


155 


a 

o  a> 

Hi 


i§  J 

ei,  «  1 


St:  E  3 

> 


3 


•l-l 

i 

o 

CO 

i 

CO 

CO 

i 
i 

09 

I 

> 

I 

(1< 


5 

-M     O  _ 

.SP  3 


3  s  ^ 

-3  I  3 


s  .s 


II 
ill 


3 


00 


5 


00 


CO  oi 


8 


00  Q  r-l 
TO    ^  N 


00  rH  a>  00  Tt< 
.-<  e4  -H   1-i   >-i  <N 


us  TO  O 


»-i  ■>*  TO  e« 
cj  oj  oj  ci 


V    O)    OS  '  CO 


TO 


i  i  i  1 


goeOOOOOTOO'H  i^lNOTOTOTOIOCbOOMe^O) 


iMe»o>ooooc;AO-«OQOaoo>OTOC4aoasa>oooo 

t-H  TO  1-lfHOiH  *HfHQD*-l 


CD 

00 


00  00 


T3  -a 


a>  a> 

II 


to 
00 

03 


a 

a 

E 


•a  -ts  M 


-4-3  -4^ 

(1)  a> 


iS  §  2 


i 


a  ^  ^ 

O  00  00 

E  CJ 
o 

■  o 


^  ^  00 

TO  TO  t> 

00  00  a> 

01  05  ^ 


TO 


S  =  S 


0) 


E 

<u 


^  ^  ^ 


a  CO  CO 
cn  c 


as 


00 

Ci  N 

a  2  <35 

Z  ^  ci 


CIS 


I  "3 


CO 


2  9S  N 

bp  -J 


00  « 


CO, 

aj        5    D.  3 

X  tD  m  ta  (6 


o 
PS 


cS 

C 


u 

•s 


O  O 


O  O 


s 


156 


O 

Hi 


2 

d.  "3  £ 


III 
-a 


II 

1-4 


3  A 


I 


»-4  p  05 

a>  ©  J. 

lO  us  CO 


in  00 


5  5  §  ^  5 


•>1" 


US  •>!" 


rHcji-ieqoji-ieji-i 


us  to 

S  3 

rj<  _L 


00  a>  M 


N  64  O 

«  «3  « 

CO  OS 


^  S  S  S  2 


OC-00>t--*t-«DOO.-lt- 
i-lrtN  iH  1-1    T»i    O    t-l  C5 

ta  1-1  1-4 


"    ^  i  s  i 


2  S  „  S8 

CO  Oj 


«5  SO  2 
CO    OO  -' 


^  5;    tiB  o>  05 


^     <U      N     <U  V 

_r    bo    3    CO  to 

i  ^'  '9  -g  "§     f  S  i  :§ 


(33  <U 
1— (  M 

.1? 


*J  to 
ci  r< 
c 


d  3> 
;a  bo 

^1 


S  -= 
=  .a 


?  5 


g  e 


157 


inhalation  volume,  as  well  as  their  ratio,  were  reported  for  individu- 
al subjects  over  the  course  of  a  4-hr  smoking  session  (Herning,  Hunt, 
Jones  1983). 

Dose-Related  Determinants  of  Tobacco  Intake 

As  the  preceding  material  shows,  cigarette  smoMng  is  a  complex 
but  orderly  behavior;  it  may  be  qualitatively  arid  quantitatively 
described.  Furthermore,  the  behavioral  process  of  tobacco  smoke 
self-administration  substantially  determines  the  amount  of  smoke 
that  is  actually  consumed.  Similarly,  the  behavior  of  smoking  may 
change  in  response  to  factors  related  to  the  delivered  smoke  and/or 
nicotine  dose.  These  interactions  are  described  in  the  present  section. 
Much  of  this  research  has  addressed  issues  concerning  the  manipula- 
tion of  some  aspect  of  cigarette  and/or  nicotine  dose  level.  Such  data 
are  relevant  to  comparing  this  form  of  drug  self-administration  with 
other  forms  of  drug  self-administration,  because  one  of  the  basic 
findings  in  studies  of  drug-peeking  behavior  is  that  the  dose  may 
affect  the  behavior.  For  es:ample,vwhen  the  dose  (quEihtity)  of  a 
psychoactive  drug  is  high,  fewer  doses  are  generally  taken  compared 
to  when  the  dose  is  very  low  (Griffiths,  Bigelow,  Henningfield  1980; 
Chapter  V). 

With  regard  to  cigarette  smoking,  the  control  and  measurement  of 
cigarette  dose  level  is  more  complex  than  is  the  case  with  most  other 
forms  of  drug  delivery.  For  example,  in  opioid  and  alcohol  studies, 
the  amount  of  the  morphine  injected  and  volume  of  alcohol 
consumed  can  be  precisely  measured,  but  cigarette  smoke  can  vary 
in  levels  of  CO,  tar,  nicotine,  and  many  other  potentially  important 
constituents  (see  Figure  2).  The  total  smoke  dose  is  positively  related 
to  the  number  of  puffs  taken  per  cigarette.  However,  total  smoke 
dose  might  be  changed  by  diluting  the  smoke  with  air  or  changing 
the  number  of  available  cigarettes.  Alternatively,  the  smoke  concen- 
trations can  be  kept  constant  while  changes  are  made  in  the 
concentration  of  nicotine  delivered.  This  Section  reviews  these  and 
several  other  strategies  used  to  investigate  some  form  of  -tobac- 
co/nicotine dose  manipulation  and  thie  resultant  effects  on  cigarette 
smoking;  . 

Control  of  Nicotine  Intake 

Among  the  most  robust  findings  in  research  on  cigarette  smoking 
is  the  stability  of  nicotine  intake  that  occurs  from  day  to  day  withih 
cigarette  smokers.  Several  studies  have  collected  blood  samples  from 
cigarette  smokers  while  they  are  smoking  their  own  cigarettes 
(Russell,  Jarvis  et  al.  1980;  Benowitz  et  al.  1983;  Gori  and  Lynch 
1985).  This  research  has  shown  that  blood  levels  of  nicotine  and 
cotinine  among  different  cigarette  smokers  are  stable  and  are 
relatively  independent  of  the  machine-estimated  nicotine  jdeld  of  the 
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cigarettes.  Similarly,  there  are  generally  only  modest  correlations 
between  the  number  of  cigarettes  smoked  per  day  and  resultant 
blood  nicotine  levels.  This  finding  occurs  because  smokers  consume 
different  amounts  of  nicotine  from  their  cigarettes,  according  to  how 
the  cigarettes  are  smoked.  Figure  2  presents  data  from  one  of  these 
studies. 

To  explain  why  nicotine  intake  is  not  simply  determined  by  the 
machine-estimated  nicotine  yield  of  the  cigarettes  or  the  number  of 
cigarettes  smoked,  many  other  aspects  of  smoking  have  been 
measured.  This  research  is  described  in  the  remainder  of  this 
Sectibh. 

Smoke  Concentration 

The  concentration  ©f  tobacco  smoke  delivered  to  the  lung  can  be 
changed  by  dilution  with  air.  Such  dilution  is  an  important  means  by 
which  the  low  smoking-maehine-estimated  ratings  (e.g.,  Federal 
Trade  Commission  ratings)  of  tar  and  nicotine  are  achieved  in  the  so- 
called  "light"  or  "ultra  light"  cigarettes  (Kozlowski  1981, 1982, 1986, 
1987).  One  way  to  study  the  possible  effects  of  smoke  dilution  is  to 
use  the  ventilated  cigarette  holders  which  have  been  marketed  for 
persons  who  are  trying  to  quit  smoking.  In  principle,  the  smoker 
gradually  reduces  his  or  her  level  of  dependence  to  nicotine  by  using 
holders  of  gradually  increasing  ventilation  level.  Three  laboratory 
studies  have  evaluated  the  effects  of  such  holders  on  cigarette 
smoking  behavior  (Henningfield  and  Griffiths  1980;  Sutton  et  al. 
1978;  Martin  et  al.  1980).  The  results  of  all  three  were  consistent: 
smoking  was  more  intense  at  lower  smoke  concentrations  and  less 
intense  at  the  highest  concentration.  In  fact,  in  one  of  the  studies, 
expired  air  CO  levels  were  similar  at  £dl  four  concentration  levels, 
indicating  that  the  changes  in  smoking  intensity  were  sufficient  to 
defeat  the  holders'  intended  purpose  of  reducing  the  dose  taken 
(Henningfield  and  Griffiths  1980).  Using  a  somewhat  different 
strategy,  Zacny,  Stitzer,  and  Yingling  (1986)  studied  cigarette 
smoking  with  commercially  available  ventilated  cigarettes.  When 
the  experimenter  systematically  blocked  the  filter  vents  of  "ultra" 
low-3rield  cigarettes,  there  were  decreases  in  puffs  per  cigarette,  puff 
volume,  and  puff  flow  rate,  and  increases  in  interpuff  interval. 

These  laboratory  findings  are  consistent  with  findings  obtained 
outside  the  laboratory  when  the  cigarette  butts  of  vented  cigarettes 
are  examined  following  smoking-  Kozlowski,  Rickert,  Pope,  and 
Robinson  (1982)  found  that  the  ci^rette  butts  taken  from  people 
who  blocked  the  ventilation  holes  (often  inadvertently)  were  more 
stained  by  tar  and  nicotine,  reflecting  less  effective  dilution  and 
hence  greater  amounts  of  smoke  delivery  to  the  smoker.  Data  from  a 
laboratory  study  suggest  that  40  percent  or  more  of  smokers  may 
inadvertently  block  the  holes  (Kozlowski,  Rickert,  Pope,  Robinson, 
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FIGURE  2. — ^Afternoon  blood  cotinine  concentrations, 

compared  by  regression  analysis  with  number 
of  cigarettes  smoked/day  (A)  and  with  U.S. 
Federal  Trade  Commission  (FTC)-determihed 
nicotine  yield  (B) 

NOTE:  The  grouped  smokers'  values  (observations  2-4)  were  so  similar  to  individual  values  that  plots 

overlapped.  Total  number  of  subjects  in  B  is  lower  because  data  for  a  few  subjects  were  incomplete.  Morning  blood 
cotinine  concentrations  (not  shown)  were  on  average  slightly  lower,  but  had  similar  correlations  with  nttml)er  of 
cigarettes  (r=0.45)  and  FTC  yield  (r=0.06). 
SOURCE:  Benowitz  et  al.  (1983). 
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Frecker  1982).  These  findings  imply  that  there  is  much  greater 
exposure  to  cigarette  smoke  in  the  general  population  than  one 
would  expect  based  solely  on  the  market  share  of  ventilated 
cigarettes  (US  DHHS  1981;  Kozlowski  1987). 

Cigarette  Length 

When  cigarettes  are  shorter,  people  smoke  more  of  them  (Ashton, 
Stepney,  Thompson  1978;  Goldfarb  and  Jarvik  1972;  Gritz,  Baer- 
Weiss,  Jarvik  1976;  Jarvik  et  al.  1978;  Chait  and  Griffiths  1982b). 
Cigarette  length  may  also  affect  how  people  smoke  each  cigarette. 
Ashton,  Stepney,  and  Thompson  (1978)  found  that  smokers  short- 
ened their  intervals  between  puffs  and  spent  a  greater  proportion  of 
time  puffing  on  two-thirds-length  cigarettes  compared  with  full- 
length  cigarettes.  Russell,  Sutton,  and  associates  (1980)  reported  that 
smokers  took  relatively  more  puffs  and  left  shorter  butts  when 
smoking  shortened  cigarettes.  In  another  study,  subjects  smoking 
half-length  cigarettes  shortened  the  interval  between  puffs,  but  did 
not  spend  more  time  puffing  on  these  cigarettes  relative  to  full- 
length  cigarettes  (Chait  and  Griffiths  1982b).  Puff  duration  and  puff 
volume  were  inversely  proportional  to  the  length  of  the  tobacco  rod, 
even  for  the  first  puff  of  the  cigarette  (Chait  and  Griffiths  1982a; 
Nemeth-Coslett  and  Griffiths  1984a,b,  1985). 

Cigarette  Brand 

Numerous  studies  have  examined  the  effects  of  cigarette  brand 
manipulations  on  cigarette  smoking,  and  several  reviews  are  avail- 
able (Gritz  1980;  Moss  and  Prue  1982;  McMorrow  and  Foxx  1983). 
Such  studies  are  of  practical  importance  because  smokers  often 
switch  to  lower  tar/nicotine  yielding  cigarette  brands  in  an  effort  to 
reduce  this  exposure  to  toxins  and  to  reduce  their  level  of  nicotine 
dependence  (see  Chapter  VII).  One  finding  of  these  studies  is  that  the 
number  of  cigarettes  smoked  per  day  is  only  slightly  increased  when 
lower  nicotine-yield  brands  are  used.  For  this  reason,  it  has  been 
suggested  that  smokers  switch  to  lower  yield  cigarette  brands  (1)  to 
reduce  exposure  to  smoke  constituents  and  (2)  to  help  them 
gradually  reduce  their  dependence  on  nicotine  (see  discussion  of 
these  issues  in  US  DHHS  1981  and  in  Chapter  VII  (nicotine  fading)). 
However,  as  discussed  earlier,  several  other  studies  indicate  that 
there  is  little  correlation  between  the  nicotine  rating  of  a  cigarette 
and  the  plasma  nicotine  level  of  the  smoker  (Russell,  Jarvis  et  al. 
1980;  Benowitz  et  al.  1983;  Gori  and  Lynch  1985).  Kozlowski  (1981, 
1982)  has  observed  that  increases  of  only  one  or  two  puffs  per 
c^arette  and  possibly  other  more  subtle  changes  in  cigarette 
smoking  (e.g.,  blocking  ventilation  holes  and  tstking  deeper  inhala- 
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tions)  may  defeat  the  intended  purpose  of  the  brand-switching 
procedure. 

Laboratory  studies  have  provided  information  on  the  specific 
changes  in  smoking  behavior  that  may  reduce  the  intended  impact  of 
switching  to  lower  yield  brands  of  cigarettes.  One  confounding  factor 
in  such  studies  is  that  machine-estimated  nicotine,  tar,  and  CO  yields 
do  not  necessarily  change  to  the  same  degree  or  even  in  the  same 
direction  from  one  cigarette  brand  to  the  next  (Tobacco  Reporter 
1985);  thus,  no  definitive  conclusions  can  be  draiwn  about  which 
specific  smoke  component  was  responsible  for  observed  changes  in 
smoking  behavior.  Nonetheless,  some  orderly  and  consistent  findings 
emerge  from  a  review  of  this  literature.  Several  measures  suggest 
that  when  tobacco  smoke  constituent  ratings  decline,  smoking  is 
more  intense  so  that  more  smoke  is  delivered  per  cigarette; 
conversely,  when  tobacco  smoke  constituent  ratings  are  higher, 
cigarette  smoking  becomes  less  intense  (Frith  1971;  Ashton,  Stepney, 
Thompson  1979;  Stepney  1981;  Guillerm  and  Radziszewski  1978; 
Rawbone  et  al.  1978;  Adams  1978;  Creighton  and  Lewis  1978a;  Ossip- 
Klein,  Epstein  et  al.  1983;  Russell  et  al.  1982;  Ashton  and  Watson 
1970;  Epstein  et  al.  1981;  Russell,  Epstein,  Dickson  1983;  Tobih  and 
Sackner  1982;  Fagerstrom  and  Bates  1981;  Woodman  et  al.  1987). 

The  consensus  of  the  foregoing  studies  is  that  smokers  tend  to 
smoke  in  ways  that  minimize  the  effect  of  attempted  reductions  in 
nicotine  intake;  however,  brand  preferences  can  modulate  nicotine 
intake.  One  study  employing  biochemical  measures  of  smoke  intake 
illustrated  both  of  these  phenomena  (Benowitz  and  Jacob  1984). 
Subjects  were  permitted  to  smoke  under  each  of  three  cigarette 
conditions:  using  their  regular  cigarette,  using  a  higher  nicotine- 
yield  brand,  and  using  a  lower  nicotine-yield  brand.  Subjects 
maintained  significant  nicotine  intake  under  all  three  conditions, 
but  the  highest  intakes  of  nicotine  were  with  the  subject's  preferred 
brand.  Nicotine  intake  from  the  lower  nicotine-yield  brands  was 
somewhat  lower  than  intake  from  the  higher  yield  brands.  Taken 
together,  these  studies  indicate  that  brand  switching  may  result  in 
somewhat  decreased  levels  of  intake  of  nicotine  and  other  constitu- 
ents of  tobacco  smoke.  However,  because  of  compensatory  changes  in 
how  cigarettes  are  smoked  and  in  the  number  of  cigarettes  smoked, 
the  decreases  are  substantially  less  than  would  have  been  predicted 
on  the  basis  of  the  machine-estimated  yield  of  the  cigarettes. 

Cigarette  Yield  of  Nicotine 

Research  cigarettes  which  vary  mainly  in  machine-estimated 
nicotine  yield  ratings  but  little  in  the  jdeld  of  other  constituents  (e.g., 
tar,  CO)  have  also  been  used  in  laboratory  and  nonlaboratory  studies 
of  cigarette  smoking.  This  literature  has  been  extensively  reviewed 
(Russell  1971, 1976;  Gritz  1980;  Henningfield  1984;  US  DHEW  1979; 
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us  DHHS  1981).  The  consensus  of  the  literature  indicates  that  as 
nicotine  yield  increases,  the  number  of  cigarettes  smoked  per  day 
tends  to  decrease,  although  the  converse  relationship  is  not  as  robust 
(Russell  1979).  Because  few  of  these  studies  employed  measures  of 
smoking  other  than  number  of  cigarettes  smoked  per  day,  the  degree 
to  which  overall  cigarette  smoking  behavior  actually  varied  as  a 
function  of  such  manipulations  may  have  been  underestimated 
(Henningfield  1984). 

Laboratory  studies  in  which  multiple  behavioral  measures  of 
cigarette  smoking  were  employed  indicate  that  smoking  is  sensitive 
to  nicotine  dose  manipulations.  When  cigarettes  with  higher  nicotine 
yield  ratings  are  smoked,  there  are  decreases  in  measures  such  as 
puffs  per  cigarette,  puff  duration  and  puff  volume,  number  of 
cigarettes,  and  expired  air  CO;  and  increases  in  interpuff  and 
intercigarette  interval  (the  specific  measures  were  not  identical  for 
the  three  studies  summarized)  (Heming  et  al.  1981;  Gust  and 
Pickens  1982;  McBride  et  al.  1984).  These  changes  in  smoking  are 
consistent  with  the  interpretation  that  intensity  of  smoking  is 
inversely  related  to  nicotine  dose,  indicating  that  compensatory 
changes  in  smoking  could  be  affected  by  nicotine  itself. 

Urine  pH 

Because  some  nicotine  is  normally  eliminated  in  the  urine, 
manipulations  of  the  rate  of  nicotine  excretion  might  be  expected  to 
change  cigarette  smoking  behavior  (see  Chapter  II).  Rate  of  renal 
excretion  is  partially  determined  by  the  acidity  of  the  urine:  lower 
pH  values  (higher  acidity)  increase  the  rate  of  nicotine  excretion. 
One  study  showed  that  acidification  of  the  urine  of  cigarette  smokers 
resulted  in  small  increases  in  cigarettes  smoked  per  day,  and 
alkalinization  of  urine  was  accompanied  by  only  very  small  de- 
creases in  smoking  (Schachter,  Kozlowski,  Silverstein  1977).  A 
subsequent  study  in  which  urine  pH  was  varied  showed  no  change  in 
cigarette  smoking  measures  (Cherek,  Mauroner,  Brauchi  1982); 
another  showed  small  but  significant  effects  on  nicotine  intake  in 
the  expected  direction  (Benowitz  and  Jacob  1985). 

The  fact  that  there  is  a  direct  albeit  weak  relationship  between 
rate  of  nicotine  excretion  and  cigarette  smoking  has  suggested  to 
some  that  alkaline  diets  might  be  useful  for  persons  trying  to 
decrease  their  cigarette  smoking  (Fix  and  Daughton  1981;  Fix  et  al. 
1983;  Grunberg  and  Kozlowski  1986).  However,  the  relatively  small 
amount  of  systemic  nicotine  which  is  eliminated  by  this  route 
(approximately  2  percent  in  alkaline  urine,  10  percent  in  urine 
without  controlled  pH)  (Rosenberg  et  al.  1980;  Benowitz  and  Jacob 
1985;  Chapter  II)  weakens  its  practical  significance  as  a  determinant 
of  cigarette  smoking  behavior.  The  results  of  clinical  studies  suggest 
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that  such  therapies  are  not  useful  in  the  cessation  of  smoking  (see 
also  Grunberg  and  Kozlowski  1986;  Schwartz  1987). 

Tobacco  Administration  and  Deprivation 

When  tobacco  smoke  itself  is  given  or  withheld,  the  tendency  to 
smoke,  as  well  as  the  way  cigarettes  are  smoked,  may  be  affected. 
Kumar  and  colleagues  (1977)  reported  that  pretreating  smokers  with 
a  varying  number  of  uniform  puffs  of  tobacco  smoke  produced  dose- 
related  reductions  in  the  subsequent  number  of  puffs  taken,  volume 
per  puff,  and  total  puff  volume  during  a  40-min  period  of  smoking  ad 
libitum.  In  a  study  of  similar  design,  Chait,  Russ,  and  Griffiths  (1985) 
found  that  an  increasing  number  of  uniform  pretreatment  puffs 
decreased  subsequent  puffs  per  cigarette,  cigarette  duration,  and 
total  puff  duration.  Analogously,  when  the  number  of  puffs  available 
during  any  period  of  smoking  (smoking  "bout")  during  a  given  day 
was  varied  by  the  experimenter  from  1  to  12  while  the  smokers  were 
free  to  vary  the  interbout  interval,  the  intervals  between  each 
smoking  bout  were  directly  related  to  the  number  of  puffs  that  had 
been  given  (Griffiths,  Henningfield,  Bigelow  1982).  These  studies 
show  that  cigarette  smoke  intake  is  a  function  of  time  since  the  last 
cigarette  or  the  smoke  dose  given  at  any  smoking  opportunity. 

Whereas  smoke  pretreatment  decreases  several  measures  of 
cigarette  smoke  intake,  other  studies  have  found  that  deprivation  for 
just  1  hr  increases  the  tendency  to  smoke  and  elevates  several 
measures  of  tobacco  smoke  intake  (Henningfield  and  Griffiths  1979); 
furthermore,  these  effects  were  not  due  to  "anticipation"  by  the 
subjects  of  the  periods  of  smoke  deprivation  (Griffiths  and  Henning- 
field 1982).  Several  additional  studies  have  confirmed  that  smoke 
deprivation  increases  one  or  more  measures  of  cigarette  smoking 
(Karanci  1985;  Griffiths  and  Henningfield  1982;  Zacny  and  Stitzer 
1985;  Epstein  et  al.  1981).  Sutton  and  coworkers  (1982)  found  a  small, 
but  statistically  significant,  positive  correlation  between  time  since 
the  last  cigarette  and  total  puff  volume  on  the  subsequent  cigarette. 
Similarily,  when  the  interval  between  each  smoking  opportunity  was 
varied  from  7.5  to  120  min  and  subjects  were  free  to  take  as  many 
puffs  per  smoking  bout  as  they  pleased,  the  number  of  puffs  per  bout 
was  directly  related  to  the  duration  of  the  preceding  interbout 
interval  (Griffiths,  Henningfield,  Bigelow  1982).  Restricting  the 
number  of  cigarettes  that  may  be  smoked  is  another  way  to  study 
tobacco  deprivation.  When  smokers  who  on  average  smoked  37 
cigarettes/day  were  permitted  to  smoke  only  5  cigarettes/day,  they 
consumed  three  times  as  much  nicotine  per  cigarette  compared  with 
unrestricted  smoking  (Benowitz  et  al.  1986). 

The  results  of  studies  of  the  effects  of  tobacco  administration  and 
deprivation  on  subsequent  rates  and  patterns  of  cigarette  smoking 
show  that  tobacco  smoke  can  function  as  do  other  primary  reinforc- 
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ers  such  as  food,  water,  and  dependence-producing  drugs  (Thompson 
and  Schuster  1964).  Such  studies  in  themselves,  however,  do  not 
reveal  which  of  the  many  tobacco  smoke  constituents  are  critical. 
The  next  two  sections  will  examine  evidence  that  specific  manipula- 
tions of  nicotine  and  nicotine  antagonists  can  produce  analc^ous 
changes  in  cigarette  smoking. 

Nicotine  Pretreatments 

One  of  the  basic  ways  to  demonstrate  that  a  psychoactive  drug  is 
controlling  behavior  is  to  determine  if  pretreatment  with  the  drug 
leads  to  decreases  in  the  amount  subsequently  taken.  Such  findings 
have  been  obtained  with  a  variety  of  dependence-producing  drugs 
(e.g.,  Griffiths,  Bigelow,  Henningfield  1980;  Chapter  V),  and  the 
strategy  has  been  used  to  study  the  role  of  nicotine  in  cigarette 
smoking.  These  studies  have  shown  that  nicotine  pretreatment  by  a 
variety  of  routes  decreases  the  amount  and/or  intensity  of  subse- 
quent cigarette  smoking  although  the  specific  measures  that  have 
been  reportedly  affected  vary  across  studies.  It  is  possible  that 
differences  across  studies  reflect  variations  in  sensitivity  of  measure- 
ment techniques  and  in  the  measures  used. 

Cigarette  smokers  may  be  pretreated  with  nicotine  by  giving  them 
nicotine  polacrilex  gum  to  chew.  The  gum  is  avsdlable  in  similar 
tasting  nicotine  dose  levels  of  2  or  4  mg/piece.  A  similar  tasting 
placebo  preparation  with  no  nicotine  is  also  available.  (In  the  United 
States,  the  placebo  and  4-mg  dose  are  only  available  for  research.) 
With  various  combinations  of  nicotine  gum  doses  it  is  possible  to 
provide  a  wide  range  of  dose  levels.  In  one  study,  the  chewing  of 
nicotine  polacrilex  gum  produced  a  dose-related  (dose  range  =  0  to  8 
mg  nicotine)  decrease  in  cigarette  consumption  during  subsequent 
90-min  cigarette  smoking  sessions:  Total  puffs,  total  cigarettes,  and 
expired-air  CO  levels  were  inversely  related  to  nicotine  dose;  desire 
to  smoke  was  also  inversely  related  to  dose  but  this  effect  varied 
considerably  and  was  not  statistically  reliable  (Nemeth-Coslett  et  al. 
1987).  Comparable  tindings  have  been  obtained  in  several  other 
studies,  although  dose  manipulations  were  not  as  extensive  as  in  the 
former  study  (Kozlowski,  Jarvik,  Gritz  1975;  Nemeth-Coslett  and 
Henningfield  1986;  Brantmark,  Ohlin,  Westling  1973;  Russell  et  al. 
1976;  Herning,  Jones,  Fischman  1985).  Another  study  showed  that 
nicotine  given  in  capsule  form  also  reduced  subsequent  cigarette 
smoking  (Jarvik,  Glick,  Nakamura  1970),  although  the  low  dose  and 
poor  systemic  absorption  of  nicotine  given  by  this  route  (see  Chapter 
II)  required  that  much  higher  dose  levels  be  given  (10  mg). 

Two  studies  have  also  demonstrated  that  intravenous  (i.v.)  admin- 
istration of  nicotine  decreases  cigarette  smoking  (Lucchesi,  Schuster, 
Emley  1967;  Henningfield,  Miyasato,  Jasinski  1983).  Another  study 
found  no  change  in  smoking  following  i.v.  nicotine  infusions  (Kumar 
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et  al.  1977);  however,  the  dose  (equivalent  to  about  1.7  mg,  given  in 
10  divided  doses  over  10  min)  was  probably  inadequate,  as  suggested 
by  results  of  other  studies  (Nemeth-Coslett  et  al.  1987).  The  finding 
that  even  i.v.-delivered  nicotine  can  reduce  subsequent  cigarette 
smoking  confirms  that  neither  the  tobacco  vehicle  nor  the 
oral /respiratory  route  is  necessary  for  nicotine  to  control  behavior. 
The  overall  consistency  of  findings  using  a  variety  of  forms  of 
nicotine  pretreatment  is  evidence  for  a  specific  effect  of  nicotine  as  a 
determinant  of  cigarette  smoking. 

Nicotine  Antagonist  Pretreatments 

Another  way  to  evaluate  the  specific  role  of  nicotine  as  a 
determinant  of  rate  and  pattern  of  ci^irette  smoking  is  to  adminis- 
ter drugs  that  block  the  effects  of  nicotine  on  the  nervous  system. 
Nicotine  antagonists  (ganglionic  blockers)  are  available  as  drugs 
(e.g.,  pentolinium  and  hexamethonium)  that  do  not  readily  enter  the 
brain  but  are  active  in  the  peripheral  nervous  system,  and  as  drugs 
(e.g.,  mecamylamine)  that  do  enter  the  brain  and  thus  work  in  both 
the  peripheral  and  central  nervous  system  (CNS)  (Taylor  1985b).  In 
theory,  such  drug  administration  should  produce  effects  that  are 
analogous  to  those  that  would  be  expected  if  the  nicotine  dose  of 
cigarettes  was  decreased:  that  is,  smoke  intake  should  increase. 
Moreover,  if  smoke  intake  increases,  but  only  when  the  centrally 
acting  antagonist  is  given,  such  data  would  suggest  the  critical 
involvement  of  the  effects  of  nicotine  in  the  brain. 

Three  studies  showed  that  pretreatment  of  smokers  with  mecamyl- 
amine produced  increases  in  cigarette  smoking  that  resembled  those 
expected  if  the  nicotine  dose  of  the  cigarettes  had  been  decreased 
(Stolerman  et  al.  1973;  Nemeth-Coslett  et  al.  1986a;  Pomerleau, 
Pomerleau,  Majchrzak  1987).  In  each  of  these  studies,  the  short-term 
effect  of  the  nicotine  ^tagonists  was  studied.  Similarly,  mecamyl- 
amine pretreatment  increased  the  preference  for  high  nicotine-yield 
cigarette  smoke  (apparently  by  reducing  its  nicotinic  effects)  when 
subjects  were  tested  with  a  device  which  blends  smoke  from  high  and 
low  nicotine-jdeld  cigarettes  (Rose,  Sampson,  Henningfield  1985). 
The  role  of  nicotine  action  in  the  brain  was  demonstrated  in  the 
study  by  Stolerman  and  colleagues  (1973)  in  which  a  nicotine  blocker 
(pentolinium)  that  does  not  readily  enter  the  brain  produced  no 
effects  on  cigarette  smoking. 

Effects  of  Nonnicotinic  Drugs  on  Cigarette  Smoking 

In  addition  to  nicotine  and  nicotine  antagonists,  the  effects  of 
other  psychoactive  drugs  on  cigarette  smoking  have  been  studied  in 
the  laboratory.  Such  studies  are  important  insofar  as  they  constitute 
drug-interaction  studies  whereby  it  may  be  determined  if  the 
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behavioral  and  physiological  actions  of  nicotine  are  altered  as  a 
function  of  pretreatment  with  other  drugs.  In  addition,  studies  of 
interactions  of  nicotine  with  other  dependence-producing  drugs  are 
important  because  tobacco  use  generally  precedes  and  accompanies 
use  of  many  other  dependence-producing  drugs  (Chapter  V).  Several 
classes  of  psychoactive  drugs  have  been  administered  in  studies  in 
which  cigarette  smoking  was  specifically  measured.  In  general,  the 
results  permit  a  categorization  of  these  drugs  into  two  groups:  (1) 
those  drugs  that  produce  increases  in  smoking  under  standard  test 
conditions,  and  (2)  those  drugs  that  produce  little  reliable  effect  on 
cigarette  smoking  under  standard  test  conditions. 

Sedatives,  opioid  agonists,  and  psychomotor  stimulants  have  been 
shown  capable  of  producing  robust  and  dose-related  increases  in 
cigarette  smoking.  Specifically,  alcohol  (ethanol)  has  been  shown  to 
increase  cigarette  smoke  intake  (Griffiths,  Bigelow,  Liebson  1976; 
Henningfield,  Chait,  Griffiths  1984;  Nil,  Buzzi,  Battig  1984;  Mintz  et 
aL  1985;  Mello  et  al.  1980b).  In  a  study  in  which  alcohol  was  found  to 
increase  smoking  in  all  of  five  alcoholic  subjects  tested,  pentobarbital 
(a  depressant)  was  found  to  increase  smoking  in  the  two  subjects 
with  extensive  histories  of  barbiturate  use  (Henningfield,  Chait, 
Griffiths  1984).  The  effects  of  alcohol  and  pentobarbital  were  most 
robust  in  heavier  drinkers  and  alcoholics  (Henningfield,  Chait, 
Griffiths  1983,  1984).  The  opioid  agonists,  heroin  and  methadone, 
increase  c^arette  smoking  in  opioid  users  (Mello  et  al.  1980a;  Chait 
and  Griffiths  1984).  Methadone  produced  dose-related  increases  in 
number  of  cigarettes  and  puffs,  and  in  puff  duration  in  methadone- 
maintained  smokers  (Chait  and  Griffiths  1984).  Analogously,  num- 
ber of  cigarettes  smoked  per  day  gradually  decreased  as  methadone- 
maintained  clients  had  their  daily  methadone  doses  decreased  over 
several  weeks  (B^elow  et  al.  1981).  Finally,  the  psychomotor 
stimulant  d-amphetamine  increases  a  variety  of  measures  of  ciga- 
rette smoking  (Henningfield  and  Griffiths  1981;  Chait  and  Griffiths 
1983). 

Three  other  drugs  have  been  studied  and  found  to  produce  little 
reliable  effect  on  cigarette  smoking.  Caffeine  is  of  interest  because  it 
might  be  predicted  to  either  increase  smoking  by  its  general 
stimulant  (amphetamine-like)  effects  (Rail  1985)  or  to  decrease 
smoking  by  serving  as  a  substitute  for  some  of  nicotine's  stimulant 
effects  (Kozlowski  1976).  Laboratory  studies,  however,  have  found 
the  effects  of  caffeine  administration  on  cigarette  smoking  to  be 
weak  and  inconsistent:  two  studies  showed  no  reliable  effect  (Chait 
and  Griffiths  1983;  Nil,  Buzzi,  Battig  1984),  another  showed  weak 
decreases  in  smoking  (Kozlowski  1976),  and  a  fourth  showed  weak 
increases  in  smoking  following  caffeine  administration  (Ossip  and 
Epstein  1981). 
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The  opioid  antagonist  naloxone  (naloxone  blocks  effects  of  heroin- 
like opioids)  is  another  drug  of  interest  because  of  the  possible  role  of 
endogenous  opioids  as  mediators  of  some  of  the  effects  of  nicotine 
(Chapter  III;  Pomerleau  and  Pomerleau  1984).  In  a  test  paradigm  in 
which  several  drugs  have  been  shown  to  produce  orderly  effects  on 
cigarette  smoking  (Griffiths  and  Henningfield  1982),  naloxone 
produced  no  consistent  changes  in  cigarette  smoking  over  a  wide 
range  of  dose  levels  (Nemeth-Coslett  and  Griffiths  1986).  Another 
study  of  the  effect  of  naloxone  which  employed  a  single  dose  found  a 
reduction  in  smoking  (Karras  and  Kane  1980).  No  clear  reconcilia- 
tion of  these  disparate  findings  is  evident.  Finally,  marijuana 
pretreatment  was  found  to  produce  no  reliable  effect  on  tobacco 
intake  (Mello  et  al.  1980b;  Nemeth-Ck)slett  et  al.  1986b)  or  on  the  way 
cigarettes  were  smoked  (Nemeth-Coslett  et  al.  1986b). 

Effects  of  Nonnicotine  Constituents  of  Tobacco  Smoke  and 
Citric  Acid  Aerosol 

Chemicals  presumed  to  act  primarily  in  the  respiratory  tract  and 
not  in  the  central  nervous  system  may  also  affect  smoking.  The 
region  of  the  trachea  just  below  the  larynx  is  assumed  to  be  a  site  of 
some  cigarette  smoke  related  sensations  (Cain  1980).  This  site 
corresponds  to  the  region  2  cm  below  the  narrow  opening  of  the 
lar3mx  where  particles  entering  the  trachea  change  direction  (Chan 
and  Schreck  1980). 

The  components  of  cigarette  tar  and  volatile  gases  in  smoke 
contribute  to  the  taste,  olfactory,  and  tracheobronchial  sensations 
elicited  by  cigarette  smoke.  In  fact,  minimal  levels  of  tar  ai^e  held  by 
tobacco  manufacturers  to  be  important  to  maintain  product  satisfac- 
tion in  smokers  (Tobacco  Reporter  1985;  Gori  1980).  Besides  its 
causal  role  in  lung  cancer  and  other  diseases  (US  DHHS  1982,  1983, 
1984),  tar  may  function  to  mask  the  harshness  and  irritation  of 
nicotine  (Herskovic,  Rose,  Jarvik  1986).  Consistent  with  this  hypoth- 
esis, nicotine  aerosols  delivering  doses  of  nicotine  similar  to  those  in 
mainstream  cigarette  smoke  are  rated  as  extremely  harsh  and 
irritating  by  cigarette  smokers  (Russell  1986).  Similarly,  some 
gaseous  components  of  smoke,  such  as  acrolein  and  formaldehyde, 
are  irritating  and  could  also  contribute  to  the  tracheobronchial 
sensations  elicited  by  smoke  (Lundberg  et  al.  1983). 

Levels  of  tar  and  other  constituents  may  also  contribute  to  brand 
preference  and,  conversely,  to  the  difficulty  in  finding  readily 
acceptable  substitutes  for  the  cigarettes  normally  smoked  by  individ- 
uals. For  example,  a  nonmentholated  cigarette  may  not  be  a 
desirable  substitute  for  a  mentholated  one.  Moreover,  when  given 
cigarettes  made  of  lettuce  or  cocoa  leaves,  smokers  complain  about 
the  unpleasant  smell  and  taste  (CJoldfarb,  Jarvik,  Click  1970; 
Herskovic,  Rose,  Jarvik  1986).  Tobacco  research  cigarettes  are  often 
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found  to  be  less  palatable  than  commercial  brands  (Benowitz,  Kuj^, 
Jacob  1982),  indicating  the  importance  of  specific  tobacco  blends 
and/or  additives  in  determining  taste  and  brand  preferences. 

The  precise  nature  of  the  sensations  critical  to  smoking  satisfac- 
tion has  not  been  elucidated,  and  the  relative  roles  of  taste,  olfaction, 
and  tracheobronchial  sensations  are  not  clear.  One  way  to  assess  the 
importance  of  local  respiratory  sensations  in  the  subjective  response 
to  cigarette  smoke  is  to  block  these  sensations  with  a  short-acting 
topiccd  anesthetic.  Two  studies  have  used  inhalation  of  a  4-percent 
lidocaine  aerosol  and  mouth  rinses  and  gargling  with  lidocaine 
solutions  to  assess  the  importance  of  airway  sensations  to  cigarette 
smokers  (Rose  et  al.  1984,  1985).  In  both  studies,  the  desirability  of 
puffs  was  decreased  by  local  anesthesia  of  the  respiratory  tract. 
Additionally,  the  decline  in  reported  craving  for  cigarettes  that 
usually  occurs  after  smoking  was  diminished  by  local  anesthesia. 

A  study  was  also  conducted  in  which  smokers  inhaled  a  refined 
tobacco  smoke  condensate  (Rose  and  Behm,  in  press).  The  condensate 
produced  a  low  overall  nicotine  yield  (about  0.2  mg/10  puffs),  while 
maintaining  a  higher  ratio  of  nicotine  to  tar  and  a  larger  particle 
size  than  that  of  conventional  cigarette  smoke.  Smoke  generated  in 
this  fashion  was  rated  as  stronger  and  harsher  than  smoke  of 
equivalent  nicotine  content  delivered  by  smoking  a  conventional 
low-tar  and  low-nicotine  cigarette  (Rose  and  Behm  1987).  The 
subjects  also  reported  significantly  greater  satisfaction  and  dimin- 
ished desire  to  smoke  additional  cigarettes  after  inhaling  puffs  of 
refined  smoke  compared  with  conventional  low-nicotine  cigarette 
smoke  (Rose  and  Behm  1987).  These  studies  demonstrate  that  local 
sensory  effects  of  smoke  may  influence  the  short-term  subjective 
responses  to  smoking. 

The  inhalation  of  aerosols  containing  citric  acid  is  a  standard 
method  of  eliciting  coughing  in  himnian  subjects  (Pounsfqird  and 
Saunders  1985).  One  study  found  that  smokers  inhaling  puffs  of  a 
nebulized  15  percent  aqueous  solution  of  citric  acid  reported 
sensations  of  strength  and  harshness  comparable  to  those  produced 
by  their  own  cigarette  brand  and  considerably  stronger  than  those 
elicited  by  an  "ultra"  low-tar,  low-nicotine  cigarette  (Rose  and 
Hickman  1987).  Moreover,  some  pleasure  was  reported  to  be 
associated  with  these  sensations,  and  desire  for  cigarettes  was 
decreased,  suggesting  that  mild  irritation  of  the  respiratory  airways 
may  be  involved  in  satiation  of  smoking  behavior  and  may  have  a 
role  in  smoking  cessation  efforts  (Henningfield  1987c;  Chapter  VII). 

Nicotine:  Psychoactivity,  Reinforcing  and  Related  Behavioral 
Mechanisms  of  Nicotine  Dependence 

As  the  preceding  sections  have  shown,  cigarette  smoking  is  an 
orderly  behavioral  and  pharmacologic  process  clearly  involving 
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maintenance  of  the  desired  levels  of  nicotine  in  the  body.  These  data 
are  sufficient  to  label  tobacco  use  as  a  form  of  drug  self-administra- 
tion in  which  the  role  of  nicotine  in  controlling  tobacco  self- 
administration  functions  as  do  morphine,  ethanol,  and  cocaine  in  the 
use  of  opium-derived  products,  alcoholic  beverages,  and  coca-derived 
products,  respectively.  However,  the  question  may  be  asked  whether 
the  behavior-controlling  pharmacologic  properties  of  nicotine  are 
similar  to  those  of  prototypic  dependence-producing  drugs  when 
evaluated  in  standard  laboratory  tests.  More  specifically,  the  scien- 
tific question  is  whether  nicotine  itself  shares  critical  dependence- 
producing  properties  with  drugs  such  as  morphine,  cocaine,  and 
alcohol.  Standardized  testing  procedures  can  be  used  in  both  animal 
and  human  studies  to  objectively  determine  if  a  drug  is  dependence 
producing.  These  procedures,  as  well  as  a  review  of  how  addicting 
drugs  control  behavior,  is  presented  in  Chapter  V.  Chapter  V  also 
presents  data  obtained  when  drugs  such  as  morphine,  cocaine,  and 
alcohol  are  tested  by  identical  procedures. 

In  brief,  four  general  kinds  of  behavior-modifying  drug  effects  can 
be  differentiated  on  the  basis  of  the  test  procedure  used.  These  drug 
effects  are  discussed  in  Chapter  V  and  include  the  following:  (1) 
Drugs  may  produce  interoceptive  stimulus  effects;  that  is,  they  can 
produce  effects  that  a  person  or  animal  can  distinguish  from  the 
nondrug  state.  Although  not  identical  in  meaning,  the  following 
terms  are  often  used  to  designate  interoceptive  drug  effects:  "psy- 
choactive," "discriminative,"  "subjective,"  "self-reported."  (2)  Drugs 
may  serve  as  positive  reinforcers  or  rewards,  the  presentation  of 
which  produces  repetition  and  strengthening  of  the  behaviors  which 
led  to  their  presentation,  i.e.,  "drug  self-administration"  or  "drug 
seeking."  (3)  Drugs  can  serve  as  unconditioned  stimuli,  in  which  case 
they  may  directly  elicit  various  responses;  these  responses  may 
subsequently  be  elicited  by  stimuli  which  are  associated  with  the 
drug  (i.e.,  conditioned  stimuli),  including  the  presence  of  environ- 
mental, or  even  internal,  cues.  (4)  Drug  administration  or  abstinence 
can  also  function  as  ^^punishers"  or  aversive  stimuli. 

This  Section  will  present  data  from  studies  of  nicotine  with  each  of 
the  four  testing  procedures  mentioned  above.  The  convergence  of 
findings  from  several  distinct  approaches  provides  compelling  evi- 
dence that  nicotine  is  a  drug  that  can  effectively  control  behavior, 
including  behavior  leading  to  its  own  ingestion  (i.e.,  dependence  or 
addiction). 

Interoceptive,  Discriminative,  and  Subjective  Effects  of 
Nicotine 

Ingested  chemicals  can  serve  as  stimuli  by  actions  on  either 
peripheral  or  centrally  located  receptors  or  by  indirect  effects 
mediated  through  the  release  of  various  biochemicals  or  neurohor- 
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mones.  In  general,  the  term  "psychoactive"  is  reserved  for  those 
drugs  whose  discriminative  effects  are  known  to  result  from  their 
actions  in  the  brain.  As  described  by  Lewin  (1931)  and  others 
(Thompson  and  Unna  1977)  it  is,  in  part,  the  nature  of  the 
discriminative  stimulus  effects  of  a  drug  within  the  body  that  sets 
the  dependence-producing  drugs  apart  from  other  non-nutritive 
substances.  As  shown  in  Chapter  II,  all  commonly  used  forms  of 
tobacco  are  effective  means  of  delivering  nicotine  to  the  blood  from 
which  it  is  rapidly  transported  to  the  brain.  Research  with  animals 
has  shown  that  nicotine  produces  distinct  effects  in  the  central 
nervous  system  (CNS).  In  addition,  nicotine  has  diverse  peripheral 
and  hormonal  actions  that  could  serve  to  intensify  its  CNS  stimulus 
properties.  The  biochemical  mechanisms  of  these  effects  are  discuss- 
ed in  Chapter  III. 

Three  procedurally  distinct  methods  have  been  used  to  character- 
ize the  stimulus  properties  of  nicotine  and  will  be  discussed  in  the 
following  sequence:  (1)  discrimination  testing  in  animals  and  hu- 
mans, (2)  assessing  subjective  effects  in  humans,  and  (3)  testing  for 
state-dependent  learning  effects  in  humans.  Each  method  has  been 
used  to  help  characterize  the  stimulus  properties  of  a  variety  of 
drugs  including  nicotine  (Chapter  V). 

Drug  Discrimination  Testing  in  Animals 

Animal  studies  of  nicotine  discrimination  show  that  nicotine 
produces  reliable  effects  that  are  readily  identified  by  the  subjects. 
Such  studies  indicate  that  fundamental  biobehavioral  mechanisms 
mediate  the  psychoactive  properties  of  nicotine  in  humans,  and  that 
such  effects  are  not  unique  to  human  psychological  processes.  These 
data  also  have  implications  for  understanding  and  treating  tobacco 
dependence  and  are  summarized  below. 

Specificity  of  the  Nicotine  Stimulus 

Although  dependence-producing  drugs  may  overlap,  to  some 
degree,  in  the  nature  of  their  effects  on  mood  and  feeling,  each  drug 
class  and  sometimes  drugs  within  a  class  produce  unique  effects.  As 
this  Section  shows,  nicotine  also  produces  some  effects  that  permit  it 
to  be  distinguished  from  most  other  psychoactive  drugs.  These 
studies  are  also  useful  for  testing  new  drugs  that  are  thought  to 
produce  nicotine-like  effects. 

Rats  can  learn  to  accurately  discriminate  nicotine  from  placebo 
regardless  of  the  route  of  administration  as  long  as  the  nicotine 
reaches  the  brain.  Most  researchers  have  utilized  the  subcutaneous 
(s.c.)  route  of  administration  (Rosecrans  and  Meltzer  1981);  however, 
more  recent  studies  have  incorporated  other  routes  of  nicotine 
administration  and  have  found  that  rats  could  learn  to  discriminate 
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nicotine  when  given  nicotine  by  gavage  (oral  tube)  in  a  dose  of  0.5 
mg/kg  (Howard  and  Craft  1987).  Oral  nicotine-trained  rats  general- 
ized to  nicotine  administered  via  either  the  s.c.  or  transdermal 
routes  (nicotine  solution  was  applied  to  a  1.5-cm  circular  area  on  the 
shaved  back  of  the  rat).  There  was  Uttle  difference  in  dose  potency 
between  the  oral  and  s.c.  routes;  however,  the  transdermal  route  was 
much  less  potent  and  required  eight  times  the  oral  dose  to  establish 
equivalent  response  patterns.  Taken  together,  the  results  of  these 
studies  showed  that  nicotine  given  by  a  variety  of  routes  produces 
time-  and  dose-related  discriminative  effects. 

Several  studies  have  compared  nicotine  with  a  variety  of  drugs  by 
these  drug  discrimination  testing  procedures  (Rosecrans  and  Meltzer 
1981;  Stolerman  et  al.  1987).  Early  research  involved  testing  a  wide 
variety  of  chemicals.  These  studies  showed  that  nicotine-trained  rats 
did  not  generalize  to  drugs  of  other  classes  such  as  the  opioids, 
barbiturates,  or  hallucinogens  (Rosecrans  and  Meltzer  1981).  Of 
special  interest  was  the  prototypical  stimulant  rf-amphetamine, 
because  nicotine  also  has  a  variety  of  stimulant-like  actions  (Rail 
1985).  When  nicotine-trained  rats  were  tested  with  amphetamine, 
however,  they  only  partially  generalized  to  nicotine.  In  another 
study,  Schechter  (1981)  observed  higher  levels  of  amphetamine 
generalization  to  nicotine  in  a  group  of  rats  trained  to  discriminate 
amphetamine  from  pentobarbital.  Thus,  nicotine  may  have  some 
amphetamine-like  effects  which  are  unmasked  under  certain  condi- 
tions. 

Oxotremorine  and  arecoline  are  agonists  of  the  cholinergic  ner- 
vous system,  but  these  drugs  activate  muscarinic,  and  not  nicotinic, 
cholinei^c  receptors  (Oilman  et  al.  1985).  Consistent  with  the 
mechanisms  of  action  of  these  cholinergic  drugs  are  the  findings  that 
neither  oxotremorine  nor  arecoline  generalized  to  nicotine  in 
nicotine-trained  animals  (Rosecrans  and  Meltzer  1981). 

Nicotine  analogs  and  metabolites  have  also  been  studied  with  the 
discrimination  paradigm  (Rosecrans  and  Chance  1977;  Stolerman  et 
al.  1987).  Such  research  can  help  reveal  the  extent,  if  any,  of  the  role 
of  these  nicotine-related  or  nicotine-derived  chemicals  in  determin- 
ing the  nature  of  the  discriminative  effects  that  follow  nicotine 
administration.  In  rats  trained  to  discriminate  100  \ig/kg  of  nicotine, 
the  analogs  C3rtisine  and  anabasine  generalized  to  nicotine.  The 
alkaloid  nomicotine  generalized  partially  to  nicotine.  Cotinine,  the 
major  metabolite  of  nicotine,  was  observed  to  generalize  to  nicotine 
only  when  the  cotinine  was  given  intraventricularly  in  relatively 
high  doses  to  rats  trained  to  discriminate  relatively  low  dose  levels 
(100  jjig/kg)  of  nicotine.  These  data  show  that  although  metabolites  of 
nicotine  may  share  some  stimulus  properties  with  nicotine,  the 
degree  of  generalization  is  weak,  suggesting  that  the  discriminative 


172 


stimulus  effects  of  nicotine  are  mainly  due  to  nicotine  itself  and  not 
to  the  metabolites. 

Synthetic  analogs  of  nicotine  have  also  been  evaluated  for  their 
possible  nicotine-like  properties  in  discrimination  studies  (Rose- 
crans,  Kallman,  Glennon  1978;  Rosecrans  et  al.  1978).  Of  the  several 
compounds  tested,  only  one,  3-methyl-pyridylpyrollidine,  a  chemical 
isomer  of  nicotine,  was  observed  to  generalize  to  the  nicotine 
stimulus  in  nicotine-trained  rats.  This  compound  was  observed  to  be 
8  to  10  times  less  potent  than  nicotine.  Its  effects  were  significantly 
antagonized  (reduced  or  blocked)  by  mecamylamine,  which  also 
antagonizes  the  stimulus  generated  by  both  S-  and  R-nicotine;  the 
naturally  occurring  tobacco  constituent,  S-nicotine,  is  also  8  to  10 
times  more  potent  as  a  stimulus  than  R-nicotine.  The  results  of 
these  investigations  indicate  that  the  stimulus  properties  of  nicotine 
are  highly  specific. 

A  finding  relevant  to  pharmacologic  treatment  efforts  (see  Chap- 
ter VII)  involved  discrimination  studies  with  lobeline  (a  constituent 
in  several  over-the-counter  aids  for  quitting  smoking).  Lobeline  is  an 
alkaloid  with  some  nicotine-like  ganglionic  effects  in  the  peripheral 
nervous  system  (Oilman  et  al.  1985).  Rosecrans  and  Chance  (1977) 
found  that  lobeline  was  neither  discriminated  as  nicotine  nor  did  it 
block  nicotine  discrimination  in  nicotine-trained  rats.  These  results 
do  not  support  the  use  of  lobeline-containing  compounds  as  treat- 
ment aids  for  cigarette  smoking  (see  also  Schwartz  1987;  Chapter 
VII). 

Peripheral  Versus  Central  Discriminative  Stimulus  Effects  of 
Nicotine 

The  degree  to  which  the  stimulus  is  generated  via  peripheral 
rather  than  central  nervous  system  (CNS  or  brain)  actions  is  also 
important  in  understanding  the  nature  of  the  nicotine  stimulus.  As 
discussed  in  Chapter  III,  nicotine  has  many  peripheral  autonomic 
nervous  system  (ANS)  effects  which  might  feed  back  to  the  CNS, 
thereby  indirectly  generating  or  contributing  to  stimulus  effects. 
Thus,  changes  in  blood  pressure,  heart  rate,  body  temperature,  and 
hormone  release  could  be  potential  mediators  of  the  effects.  Several 
approiaches  have  been  utilized  to  address  the  role  of  peripheral 
actions  of  nicotine  in  the  generation  of  the  discriminative  stimulus. 
One  approach  is  to  attempt  to  block  nicotine  with  an  antagonist  not 
able  to  enter  the  CNS. 

In  one  study,  animals  were  trained  to  discriminate  a  dose  of 
nicotine  (Rosecrans  and  Chance  1977).  Then  they  were  pretreated 
with  a  series  of  nicotinic  cholinergic  antagonists  and  with  muscarin- 
ic cholinergic  antagonists.  After  pretreatment  with  an  antagonist, 
the  animals  were  retested  with  the  training  dose  of  nicotine. 
Mecamylamine,  a  centrally  and  peripherally  acting  nicotine  antago- 
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nist,  was  the  only  drug  observed  to  completely  block  the  nicotine 
stimulus.  As  the  dose  of  this  antagonist  was  increased,  percent 
correct  responses  on  the  nicotine-correct  lever,  after  the  injection  of 
200  or  400  [xg/kg  of  nicotine,  decreased  to  placebo  response  levels, 
indicating  a  complete  antagonism  of  the  nicotine  stimulus.  In  a 
similar  study,  Stolerman,  Pratt,  and  Garcha  (1982)  increased  the 
nicotine  dose  in  an  attempt  to  overcome  the  actions  of  mecamyla- 
mine:  the  blockade  was  not  overcome  by  any  dose  of  nicotine.  Thus, 
these  data  suggest  that  mecamylamine  is  not  a  competitive  antago- 
nist (blocking  at  the  receptor  itself)  but  rather  may  functionally 
antagonize  nicotine's  effects  through  another  mechanism  (Stolerman 
et  al.  1987). 

In  other  studies,  a  331  jxg/kg  dose  of  mecamylamine  antagonized 
the  stimulus  effects  of  200  jig/kg  of  nicotine,  while  835  |jg/kg  was 
required  for  similar  antagonism  of  the  400  |xg/kg  dose  of  nicotine 
(Rosecrans  and  Meltzer  1981).  All  such  studies  found  that  the 
peripherally  acting  nicotinic  antagonist,  hexamethonium,  did  not 
affect  nicotine  discriminations.  The  muscarinic  antagonist,  atropine, 
was  also  without  effect.  The  possible  relationships  of  the  nicotine 
stimulus  to  brain  norepinephrine  and  5-hydrox3d;ryptamine  (seroto- 
nin or  5-HD  systems  were  also  investigated  through  the  use  of  the 
appropriate  antagonists/agonists.  Similarly,  a  quaternary  analog  of 
nicotine,  which  does  not  enter  the  brain,  was  evaluated  and  found  to 
produce  no  evidence  of  generalization  in  nicotine-trained  rats 
(Rosecrans  et  al.  1978).  Such  studies  do  not  support  the  involvement 
of  peripheral  systems  in  the  generation  of  the  nicotine  stimulus. 

Another  strategy  used  to  investigate  the  central  nature  of  the 
nicotine  stimulus  compared  concentrations  of  nicotine  in  the  brain 
with  the  resulting  stimulus  effects  of  nicotine  (Rosecrans  and  Chance 
1977).  It  was  assumed  that  if  nicotine's  stimulus  effects  are  mediated 
in  the  brain,  then  such  effects  should  be  related  to  brain  levels  of 
nicotine.  This  hypothesis  was  confirmed.  In  fact,  it  was  found  that 
before  nicotine  functions  as  a  stimulus,  it  must  achieve  a  minimal 
drug  level  in  the  brain.  In  addition  to  relating  drug  level  in  the  brain 
to  the  stimulus  effect  induced  by  nicotine,  Rosecrans  and  Chance 
(1977)  showed  that  systemically  administered  nicotine  generalized  to 
nicotine  administered  intraventricularly.  Taken  together,  the  fore- 
going studies  show  that  the  nicotine-generated  discriminative  stimu- 
lus is  dependent  on  the  actions  of  nicotine  at  central  nicotine 
receptors  in  the  brain. 

Drug  discrimination  research  has  also  examined  the  stimulus 
properties  of  the  muscarinic  cholinergic  agonist,  arecoline.  Arecoline 
is  a  constituent  of  the  betel  nut  mixtures  commonly  chewed  in  the 
East  Indies  (Taylor  1985a).  Three  approaches  have  been  utilized  to 
investigate  the  stimulus  properties  of  arecoline.  In  the  first  study, 
arecoline  served  as  a  discriminative  stimulus  and  thereby  assumed 
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control  of  behavior  (Rosecrans  and  Meltzer  1981).  These  effects  of 
arecoline  were  blocked  by  pretreatment  with  the  muscarinic  antago- 
nist, atropine,  while  the  quaternary  compound,  methyl  atropine 
(which  does  not  readily  cross  the  blood-brain  barrier),  was  ineffec- 
tive. These  results  indicate  that  the  stimulus  can  also  be  exerted  via 
muscarinic  stimulation  and  confirm  that  the  discriminative  stimulus 
properties  of  muscarinic  ^onists,  like  those  of  nicotinic  agonists,  are 
centrally  mediated.  Additional  studies  indicated  that  mecamylamine 
was  not  able  to  antagonize  the  stimulus  effects  of  arecoline  (Rose- 
crans and  Meltzer  1981).  Finally,  it  was  found  that  rats  could  be 
trained  to  discriminate  between  the  muscarinic  and  nicotinic 
agonists,  arecoline  and  nicotine.  Thus,  there  appear  to  be  two 
independent  central  cholinergic  receptor  systems  (muscarinic  and 
nicotinic),  each  of  which  can  exert  stimulus  control  over  behavior 
when  appropriately  stimulated.  These  findings  have  been  confirmed 
by  Stolerman  and  colleagues  (1987). 

Interactions  with  NonchoUnergic  Neurons 

In  a  preliminary  study  (Takada  et  al.,  1988)  two  nicotine-trained 
squirrel  monkeys  recognized  beta-carboline  as  nicotine.  Beta-carbo- 
line  induces  symptoms  resembling  anxiety  in  animals;  these  symp- 
toms can  be  reduced  by  administration  of  the  anxiol5^ic,  diazepam 
(Shephard  1986).  In  addition  to  this  observation,  Colpaert  (1977) 
reported  that  nicotine  can  antagonize  the  diazepam  cue,  and  Heath, 
Porter,  and  Rosecrans  (1985)  noted  that  nicotine  antagonized  the 
effects  of  diazepam  on  punished  responding  in  rats.  Mecamylamine 
was  also  found  to  attenuate  the  nicotine-induced  antagonism  of 
diazepam's  antianxiety  effect.  Harris  and  coworkers  (1986)  found 
that  metrazol  (a  convulsant)  partially  generalized  (35  percent)  to 
nicotine  when  tested  in  the  discrimination  paradigm  in  nicotine- 
trained  animals.  A  greater  degree  of  generalization  of  the  metrazol 
cue  to  nicotine  (50  percent)  was  observed  48  hr  after  the  cessation  of 
a  21-day  chronic  nicotine  regimen  in  rats  trained  to  discriminate 
metrazol  (5  mg/kg)  from  saline;  these  generalizations  were  not 
antagonized  by  mecamylamine.  Harris  and  colleagues  (1986)  suggest- 
ed that  the  generalization  of  metrazol  to  nicotine  was  a  function  of  a 
nicotine  abstinence-induced  withdrawal  syndrome  resembling  anxie- 
ty. These  studies  suggest  that  nicotine  may  act  at  central  receptors 
capable  of  eliciting  a  stimulus  cluster  which  induces  anxiety 
(Chapter  IE). 

Subjective  Effects  of  Nicotine  in  Humans 

The  extensive  amount  of  nicotine  discrimination  research  using  a 
variety  of  animal  species  and  several  routes  of  administration 
confirms  that  nicotine  is  a  potent  drug  that  can  induce  alterations  in 
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nervous  system  function  that  are  distinct  and  readily  identifiable.  In 
addition,  the  similar  findings  observed  in  studies  using  different 
routes  of  nicotine  administration  are  consistent  with  the  hypothesis 
that  the  tobacco  vehicle  is  not  necessary  to  produce  nicotine-associ- 
ated changes  of  mood  and  feeling.  The  next  Section  examines  data 
from  analogous  studies  in  which  humans  served  as  research  subjects. 

Psychoactivity  of  Nicotine 

The  animal  research  described  above  indicates  that  nicotine's 
psychoactivity  is  a  result  of  basic  biological  actions.  Human  research 
on  nicotine  corroborates  the  validity  of  the  animal  research.  Results 
from  studies  of  the  interoceptive  effects  of  nicotine  in  humans  are 
anal(^ous  to  those  obtained  in  animal  studies  described  above. 

One  of  the  first  human  studies  that  used  drug  discrimination 
procedures,  as  had  been  developed  with  animal  subjects,  was  a  study 
of  nicotine  discrimination.  The  study  involved  the  systematic 
manipulation  of  nicotine  dose  levels  with  research  cigarettes  which 
varied  primarily  in  the  amount  of  nicotine  delivered  (Kallman  et  al. 
1982).  This  study  demonstrated  that  nicotine,  as  delivered  by  the 
inhalation  of  tobacco  smoke,  produces  discriminative  stimulus 
effects.  The  degree  and  rate  of  acquisition  of  the  discrimination 
appeared  to  be  dose  dependent.  The  ability  of  the  subjects  to  make 
the  discriminations  did  not  appear  to  be  related  to  either  autonomic 
(e.g.,  heart  rate)  effects  of  nicotine  or  to  nicotine's  effects  on  other 
self-reported  measures  (e.g.,  taste  of  the  cigarette). 

The  data  from  Kallman  and  associates  (1982)  are  consistent  with 
those  of  several  other  studies  which  have  found  that  human 
volunteers  can  differentiate  among  cigarettes  which  vary  mainly  in 
the  amount  of  nicotine  which  they  deliver  (Goldfarb,  Jarvik,  Glick 
1970;  Goldfarb  et  al.  1976;  Herskovic,  Rose,  Jarvik  1986;  Rose  1984; 
Griffiths,  Bigelow,  Henningfield  1980;  Henningfield,  Miyasato,  John- 
son, Jasinski  1985).  Furthermore,  the  conclusion  that  centrally 
mediated  effects  of  nicotine  are  important  in  such  responsivity  is 
supported  by  findings  that  pretreatment  with  mecamylamine  re- 
duced responsivity  to  nicotine  dose  levels  of  the  cigarette  (Stolernian 
et  al.  1973;  Nemeth-CJoslett  et  al.  1986a;  Pomerleau  et  al.  1987).  The 
study  by  Stolerman  and  associates  (1973)  also  showed  that  such 
antagonism  of  nicotine's  effects  was  not  obtained  when  peripherally 
acting  pentolinium  was  given. 

Other  research  has  confirmed  that  the  tobacco  vehicle  is  not 
necessary  to  enable  the  interoceptive  effects  of  nicotine.  Several 
studies  involving  i.v.  administration  of  nicotine  in  human  subjects 
have  found  that  humans  readily  differentiate  among  nicotine  dose 
levels  given  intravenously.  In  the  earliest  of  these  studies,  i.v. 
injections  of  nicotine  were  given  to  35  volunteers,  most  of  whom 
were  cigarette  smokers  (Johnston  1942).  The  conclusions  of  Johnston 
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TABLE  3. — Summary  of  early  observations  regarding 
psychoactivity  of  intravenously  delivered 
nicotine  in  humans 


1, 

'T^chic"  effects  are  directly  related  to  nicotine  dose;  nonsmokers  are 

2. 

Effect  of  nicotine  is  "specific  and  readily  distinguished  from  that  of 

UUifClillc  ur  Wvl>tt;lUC 

.  3. 

Nicotine  injections  are  "pleasant"  to  smokers,  and  are  preferred  by  some 

over  cigarette  smoking 

A 

*** 

Oraltv  crivAA  nTr*Afino  fffiostf^lvA^  in  ivfli'Arl  also  Viail  **nBvi*lii^"  aptirm  liiii* 

V/Xailjr    given   IllUUtrlilC  \UlDOVlVCvl   lU    YtUMSL)  tXUfU  llcUl      JfBjrUIIl^      oH/UUJlf  Ulib 

appeared  much  less  potent  than  intravenously  administered  nicotine; 

11                   1                         if          1*1*  J. 

delayed  onset  of  effect 

5. 

—  1-3  mg  doses  appeared  tolerable  and  equivalent  to  smoking  single 

cigarette;  ~  0.11  mg  doses  appeared  to  produce  "subjective  sensation" 

equivalent  to  one  "deep"  cigarette  smoke  inhalation 

'More  recent  research  indicates  that  hi^ier  dose  levete  of  nicotine  can  produce  cocaine-like  effects 
(Henning&eld,  Miyasato,  Jasinski  1985). 
SOURCE:  Johnston  (1942). 


that  are  especially  relevant  to  characterization  of  the  psychoactivity 
of  nicotine  are  shown  in  Table  3. 

Johnston's  findings  (Table  3)  have  been  generally  confirmed. 
Jones,  Farrell,  and  Heming  (1978)  and  Rosenberg  and  colleagues 
(1980)  also  found  that  human  volunteers  could  differentiate  i.v. 
nicotine  at  dose  levels  similar  to  those  obtained  by  smoking 
cigarettes.  In  another  study  which  extended  the  findings  of  Johnston 
(1942),  both  i.v.  nicotine  and  nicotine  inhaled  from  research  ciga- 
rettes across  a  range  of  doses  were  administered  to  human  volun- 
teers with  histories  of  using  a  variety  of  dependence-producing  drugs 
(Henningfield,  Miyasato,  Jasinski  1985).  Subjects  cleatly  distin- 
guished nicotine  from  a  placebo,  and  the  dose  strength  estimates 
were  directly  related  to  the  nicotine  dose  level.  A  subsequent  study 
showed  that  the  immediate  subjective  effects  of  nicotine  were 
diminished  by  pretreatment  of  subjects  with  mecamylamine  (Hen- 
ningfield  et  al.  1983). 

In  a  study  by  Henningfield,  Miyasato,  Jasinski  (1985),  measures 
used  to  qualitatively  describe  the  nature  of  the  drug  stimulus 
indicated  that  nicotine  met  criteria  as  a  euphoriant.  At  higher  doses 
nicotine  was  sometimes  identified  as  a  stimulant  (cocaine  or 
amphetamine);  it  elevated  scores  on  the  Morphine  Benzedrine  Group 
("Euphoria"  or  "MBG")  scale  of  the  Addiction  Research  Center 
Inventory  (ARCI)  (Haertzen  and  Hickey  1987);  and  it  produced  dose- 
related  increases  in  scores  on  a  drug-liking  scale.  The  high-dose 
cocaine/amphetamine  identifications  found  in  the  study  by  Hen- 
ningfield,  Miyasato,  and  Jasinski  (1985)  were  not  observed  by 
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Johnston,  but  such  similarities  between  nicotine  and  cocaine  may 
only  be  clearly  identifiable  by  subjects  experienced  with  both  cocaine 

and  nicotine. 

Nicotine  given  in  the  polacrilex  gum  form  has  been  evaluated  with 
similar  measures  as  described  above.  These  studies  involved  giving 
various  combinations  of  2-mg-  and  4-mg-nicotine  pieces  of  polacrilex 
gum  and  placebo  to  cigarette  smokers.  Human  volunteers  were  given 
the  polacrilex  gum  to  chew  in  doses  ranging  from  0  to  4  mg  in  one 
study  (Nemeth-Coslett  and  Henningfield  1986)  and  0  to  8  mg  in 
another  study  (Nemeth-Coslett  et  al.  1987).  Both  studies  showed  that 
subject  ratings  of  several  effects  (including  "dose  strength")  were 
directly  related  to  the  total  dose  of  nicotine  that  was  given.  In 
addition,  similarity  of  the  stimulus  effects  to  those  produced  by 
cigarettes  was  a  direct  function  of  dose  level.  In  these  studies 
"liking"  or  "positive"  effect  scores  were  inversely  related  to  dose 
level,  suggesting  that  this  nicotine  delivery  system  has  low  potential 
for  causing  dependence  when  compared  with  that  of  cigarettes 
(CJhapter  VII).  The  role  of  centrally  mediated  nicotinic  actions  in  the 
ability  of  humans  to  differentiate  among  polacrilex  gum-delivered 
nicotine  doses  was  confirmed  in  a  study  by  Pickworth,  Herning,  and 
Henningfield  (in  press).  These  researchers  found  that  mecamyla- 
mine  pretreatment  of  human  volunteers  reduced  both  the  EEG  and 
subjective  effects  of  nicotine  polacrilex  gum  administration. 

Like  many  other  psychoactive  drugs  (Chapter  V),  nicotine  can  also 
produce  unpleasant  or  dysphoric  subjective  effects  that  are  related  to 
the  dose  given  and  the  route  of  administration.  Such  effects  can  be 
quantified  by  a  psychological  scale  of  the  ARCI  that  is  sometimes 
referred  to  as  the  "dysphoria"  scale  (Jasinski,  Johnson,  Henningfield 
1984)  or  the  "LSD"  scale  because  it  was  constructed  from  items 
found  to  be  elevated  when  lysergic  acid  diethylamide  (LSD)  was 
given  to  volunteers  (Haertzen  1966,  1974). 

In  one  study,  Henningfield,  Miyasato,  and  Jasinski  (1985)  found 
that  both  inhaled  (research  cigarette  smoke)  and  i.v.  nicotine 
produced  dose-related  increases  in  LSD  scale  scores.  In  two  other 
studies,  nicotine  polacrilex  gum  was  tested  (Nemeth-Coslett  and 
Henningfield  1986;  Nemeth-Coslett  et  al.  1987).  LSD  scale  scores 
were  at  least  slightly  increased  in  both  studies  and  were  significantly 
increased  in  the  study  by  Nemeth-Coslett  and  Henningfield  (1986). 
These  results  with  nicotine  polacrilex  gum,  combined  with  no 
increases  in  MBG  scale  scores,  are  consistent  with  the  observations 
described  earlier  suggesting  a  low  overall  dependence  potential  for 
this  formulation. 

Sensory  Effects  of  Nicotine 

As  discussed  earlier  in  this  Chapter,  nonnicotine  constituents  of 
tobacco  smoke  can  produce  functional  sensory  effects.  Nicotine,  too. 
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can  produce  peripherally  mediated  sensory  effects  which  could 
contribute  to  the  taste  of  the  cigarette.  Although  not  generally 
termed  "psychoactive"  drug  effects,  such  effects  could  contribute  to 
the  control  over  behavior  as  they  provide  discrete  cues  which  may  be 
associated  with  centrally  mediated  nicotinic  effects.  For  example, 
nicotine  has  a  bitter  taste,  elicits  burning  sensations  when  placed  on 
the  tongue,  and  is  irritating  to  the  oral  and  respiratory  mucosa 
(Windholz  et  al.  1976).  Increasing  the  nicotine  delivery  of  cigarettes 
while  holding  tar  delivery  constant  leads  to  an  increase  in  perceived 
strength  and  harshness.  The  possible  effects  of  nicotine  in  the  upper 
respiratory  tract  on  subject  ratings  cannot  be  excluded  in  these 
studies.  Nicotine  also  stimulates  mechanoreceptors  sensitive  to 
pressure  and  stretch  (Taylor  1985b),  and  this  local  action  of  nicotine 
may  also  contribute  to  the  sensory  characteristics  of  inhaled 
cigarette  smoke. 

Hexamethonium  (the  nicotine  receptor  antagonist  that  only  acts 
peripherally)  has  been  shown  to  block  cigarette  smoke-induced 
edema  in  the  tracheobronchial  mucosa  of  rats  (Lundberg,  Saria, 
Martling  1982).  Another  study  showed  that  mecamylamine  produced 
dose-related  decreases  in  harshness  ratings  of  individual  puffs  of 
cigarette  smoke  (Rose,  Sampson,  Henningfield  1985).  In  this  study, 
subjects  were  asked  to  rate  their  preference  at  different  nicotine 
concentrations  of  the  smoke:  mecamylamine  pretreatment  shifted 
preferences  to  higher  smoke  concentrations  for  individual  puffs. 

Another  method  of  producing  at  least  some  of  the  nicotine-related 
sensations  of  cigarette  smoke  is  to  present  nicotine  in  vapor  or 
aerosol  form  without  any  components  of  tar.  Nicotine  vapor  is  likely 
to  be  deposited  mainly  in  the  mouth  and  pharynx  (Russell  1986); 
thus  it  would  be  difficult  to  administer  a  pharmacologically  effective 
dose  of  nicotine  without  producing  excessive  local  irritation  and  bad 
taste.  However,  a  low  dose  of  nicotine  delivered  in  this  fashion  might 
simulate  the  sensory  effects  of  smoking,  even  if  the  pharmacologic 
effects  are  minimal.  A  low-dose  nicotine  aerosol  delivering  droplets  1 
to  5  [im  in  size  would  be  expected  to  provide  respiratory  sensations 
even  more  similar  to  cigarette  smoking,  as  particles  of  this  size 
would  impact  mainly  in  the  tracheobronchial  region. 

Three  studies  have  evaluated  the  effects  of  a  commercially 
marketed  nicotine  vapor  delivery  system  in  human  subjects.  The 
delivery  system  was  a  version  of  that  originally  d^cribed  by 
Jacobson,  Jacobson,  and  Ray  (1979);  it  was  marketed  as  a  "tobacco 
product"  through  February  1987,  when  the  Food  and  Drug  Adminis- 
tration (FDA)  required  verification  of  "safety  and  efficacy"  for 
continued  marketing  as  a  "nicotine  delivery  system"  (see  Chapter 
VII).  It  consisted  of  a  cigarette-size  plastic  tube  with  a  nicotine- 
containing  polymer  in  the  end  distal  from  the  user's  mouth.  It  was 
used  by  sucking  air  through  the  tube  and  inhaling  in  a  manner 


179 


similar  to  that  when  smoking  cigarettes.  When  the  system  was  used 
in  this  fashion,  two  studies  found  that  plasma  nicotine  levels  were 
not  significantly  elevated  (Sepkovic  et  al.  1986;  Henningfield  1986b). 
A  third  study  found  significant  elevations  in  plasma  nicotine 
following  use  of  the  nicotine  tube  (Russell  et  al.  1987).  However,  in 
the  latter  study  subjects  used  what  may  be  described  as  a  heroic 
puffing  procedure:  they  were  instructed  to  puff  1  nicotine  tube  10 
times,  at  intervals  of  40  sec;  after  a  4-min  pause,  subjects  then 
"puffed  and  inhaled  as  hard  and  as  frequently  as  possible,  continous- 
ly  for  the  next  20  min,  with  changes  every  5  min  to  fresh  cigarette 
[nicotine  tube]."  Symptoms  typical  of  those  associated  with  higher 
levels  of  nicotine  administration  were  observed,  i.e.,  dizziness, 
lightheadedness,  and  in  a  few  subjects,  nausea  (Russell  et  al.  1987). 

In  another  study  of  the  nicotine  vapor  inhaler,  four  tubes  in  which 
none,  one,  two,  or  four  contained  nicotine  (the  others  being  denico- 
tinized)  were  simultaneously  puffed  on  by  volunteers  through  a 
specially  designed  cigarette  holder  (Henningfield  1986b,  1987a).  In 
this  study,  despite  the  fact  that  measurable  changes  in  plastna 
nicotine  levels  did  not  occur,  several  responses  often  associated  with 
nicotine  delivery  were  observed:  (1)  subject  ratings  of  "harshness" 
were  directly  related  to  dose  (number  of  nicotine-containing  tubes); 

(2)  post-puffing  increases  in  heart  rate  occurred  as  a  function  of  dose; 

(3)  subjective  effects  were  directly  related  to  dose;  and  (4)  desire  to 
smoke  tobacco  cigarettes  was  inversely  related  to  nicotine  dose  level. 
Taken  together,  these  results  show  than  even  with  negligible 
systemic  levels,  nicotine  can  induce  feelings  of  satisfaction  and  can 
reduce  urges  to  smoke  when  it  produces  tobacco-like  sensations  of 
throat  burn  and  harshness  (Chapter  VII). 

Some  of  the  short-term  satisfaction  derived  from  inhaling  nicotine 
may  explain  the  apparent  short-term  efficacy  of  the  vapor  inhaler  in 
reducing  desire  to  smoke  despite  negligible  plasma  nicotine  levels. 
This  is  in  contrast  to  findings  obtained  when  nicotine  is  given  either 
intravenously  or  in  the  polacrilex  gum  (Henningfield,  Miyasato, 
Jasinski  1983;  Nemeth-Coslett  et  al.  1987).  Whether  the  effects  of  the 
nicotine  vapor  inhaler  are  conditioned  responses,  peripheral  nicotin- 
ic actions,  or  both,  it  remains  to  be  determined  if  such  effects  would 
provide  long-term  efficacy  as  tobacco  replacement  in  the  nicotine- 
dependent  tobacco  user  (Chapter  VII).  Such  effects  may  not  be 
satisfactory  for  long-term  treatment  (i.e.,  they  may  not  satisfactorily 
alleviate  tobacco  withdrawal),  although  they  may  prove  important  in 
providing  sources  of  pleasure  and  reduction  of  urges  in  people  trying 
to  quit  smoking  (Henningfield  1987b). 

State-Dependent  Learning 

The  potential  of  nicotine  to  induce  state-dependent  learning 
effects  as  well  as  how  such  effects  are  studied  are  discussed  in 


180 


Chapter  VI.  In  the  present  Section,  findings  are  summarized  in  so  far 
as  they  are  relevant  to  assessing  the  dependence  potential  of 
nicotine.  In  brief,  state-dependent  learning  refers  to  the  phenome- 
non whereby  behavior  learned  in  one  set  of  cues  or  stimulus 
conditions  (context)  is  most  reliably  performed  when  subsequently 
attempted  in  the  same  context  and/or  is  adversely  affected  when 
attempted  in  a  novel  context  (Chapter  VI).  Psychoactive  drugs  can 
produce  state-dependent  learning  effects,  apparently  by  providing  a 
recognizable  context  based  on  the  interoceptive  stimulus  cues 
provided  by  the  drug  (see  also  Chapter  V).  Several  studies  have 
shown  that  nicotine  exposure  can  lead  to  state-dependent  learning 
effects.  For  example*,  a  series  of  studies  conducted  by  Andersson  and 
colleagues  (Andersson  1975;  Andersson  and  Hockey  1977;  Andersson 
and  Post  1974)  and  by  others  (Peters  and  McGee  1982;  Warburton  et 
al.  1986)  showed  that  nicotine  exposure  in  the  form  of  tobacco  smoke 
could  induce  state-dependent  learning  effects  in  humans.  In  a  study 
by  Lowe  (1985),  nicotine's  part  in  the  state  complex  produced  by 
alcohol  and  nicotine  together  was  also  evaluated. 

There  are  two  implications  of  the  above  findings  regarding  the 
dependence  potential  of  nicotine.  The  first  is  that  state-dependent 
learning  could  contribute  to  the  dependence  potential  of  cigarettes, 
in  that  optimal  cognitive/behavioral  performance  may  come  to 
depend  upon  the  continued  self-administration  of  tobacco.  These 
actions  might  also  contribute  to  the  strength  of  the  reinforcing 
effects  of  nicotine  by  producing  effects  on  leEwning  and/or  perfor- 
mance (see  also  Chapter  VI). 

Nicotine  as  a  Positive  Reiaforcer 

The  primary  biobehavioral  mechanism  by  which  dependence-pro- 
ducing drugs  maintain  drug  seeking  is  by  functioning  as  positive 
reinforcers  (Thompson  and  Unna  1977;  Thompson  and  Schuster 
1968).  That  is,  drugs  can  serve  as  stimuli  that  strengthen  behavior 
leading  to  their  own  presentation  (Skinner  1953;  Thompson  and 
Schuster  1968).  As  discussed  in  Chapter  V,  studies  in  the  1960s  used 
the  drug  self-administration  techniques  developed  to  study  morphine 
and  other  dependence-producing  drugs  in  animals  (Weeks  1962; 
Thompson  and  Schuster  1964;  Chapter  V).  In  the  first  such  study 
with  nicotine,  Deneau  and  Inoki  (1967)  found  that  monkeys  would 
also  self-administer  nicotine  intravenously.  However,  some  investi- 
gators considered  these  findings  equivocal  (Russell  1979;  Grif^ths, 
Brady,  Bradford  1979).  In  1981,  Goldberg,  Spealman,  and  Goldberg 
showed  conclusively  that  nicotine  itself  could  function  as  an 
efficacious  positive  reinforcer  for  animals,  although  the  range  of 
conditions  under  which  it  was  effective  was  somewhat  more  limited 
than  for  drugs  such  as  cocaine  and  amphetamine.  Analagous  studies 
with  humans  in  the  1980s  (e.g.,  Henningfield,  Miyasato,  Jasinski 
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1983)  demonstrated  that  intravenously  administered  nicotine  is  a 
reinforcer.  The  results  leading  to  the  foregoing  conclusions  are 
summarized  in  the  present  Section. 

Animal  Studies  of  Nicotine  as  a  Reinforcer 

Whether  a  drug  functions  as  a  reinforcer  can  depend  critically  on 
the  dose  of  drug,  the  previous  exposure  of  the  subject  to  that  or  other 
drugs,  the  behavioral  history  of  the  subject,  and  perhaps  most 
importantly,  the  immediate  contingencies  relating  responses  and 
subsequent  injections  of  drug  (contingencies  are  often  referred  to  as 
schedules  of  reinforcement)  (Barrett  and  Witkin  1986;  Chapter  V). 
Nicotine  differs  from  some  dependence-producing  drugs  (e.g.,  co- 
caine) (Griffiths,  Brady,  Bradford  1979)  in  that  for  animals,  the 
conditions  under  which  it  maintains  high  rates  of  self-administration 
behavior  appear  to  be  more  limited;  however,  there  are  other 
dependence-producing  drugs  which  also  serve  as  reinforcers  under  a 
fairly  limited  range  of  conditions  (e.g.,  alcohol)  (Mello  1973;  Meisch 
1977). 

Table  4  (modified  from  Henningfield  and  Goldberg  1983b)  is  a 
summary  of  the  early  studies  that  found  i.v.  nicotine  injection  to  be 
ineffective  or  marginally  effective  as  a  reinforcer  as  well  as  more 
recent  studies  that  conclusively  demonstrated  the  capacity  of 
nicotine  to  function  as  a  positive  reinforcer.  The  studies  listed  in  this 
Table  employed  a  variety  of  species  (ranging  from  rats  to  human 
volunteers),  different  types  and  parameters  of  drug  injection  sched- 
ules, a  variety  of  training  histories,  and  a  wide  range  of  nicotine 
doses.  Much  of  the  research  has  been  reviewed  in  greater  detail 
elsewhere  (Goldberg  and  Henningfield,  1988;  Swedberg,  Henning- 
field, Goldberg,  in  press).  The  present  Section  only  reviews  some  of 
the  more  recent  studies  that  have  experimentally  evaluated  nic- 
otine's reinforcing  effects. 

Until  1981,  most  experiments  of  nicotine  self-administraition 
involved  continuous  reinforcement  schedules  in  which  each  response 
by  an  individual  subject  resulted  in  the  i.v.  injection  of  nicotine 
(Table  4).  Under  these  continuous  reinforcement  schedules,  (1)  rates 
of  responding  were  very  low,  ranging  from  about  0.008  to  0.0005 
r^ponses/sec  in  different  studies;  (2)  changes  in  nicotine  dose 
produced  only  small  and  inconsistent  changes  in  rates  of  responding; 
(3)  the  differences  in  rates  of  responding  maintained  by  nicotine 
compared  with  saline  were  generally  small;  and  (4)  marked  intersub- 
ject  differences  in  self-administration  of  nicotine  were  often  report- 
ed. In  one  series  of  studies  (Lang  et  al.  1977;  Singer,  Simpson,  Lang 
1978;  Latiff,  Smith,  Lang  1980;  Smith  and  Lang  1980)  a  concurrent 
schedule  of  periodic  deliveries  of  food  pellets  to  food-deprived  rats 
was  found  to  increase  rates  of  nicotine  self-administration  respond- 
ing (Chapter  V).  The  concurrent  food  reinforcement  schedule  ap- 
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peared  to  hasten  acquisition  of  the  nicotine  self-administration 
(Smith  and  Lang  1980). 

Since  1981,  methodology  for  studying  the  reinforcing  effects  of 
nicotine  has  shifted  away  from  continuous  reinforcement  schedules 
and  toward  schedules  of  self-administration  in  which  responses  are 
only  intermittently  reinforced  by  nicotine  injection  (Goldberg  et  al. 
1983).  Such  intermittent  schedules  appear  to  more  closely  approxi- 
mate the  patterns  of  human  cigarette  smoking  behavior  in  which 
nicotine  is  taken  in  intermittent  small  doses  (puffs)  and  with  even 
greater  intervals  between  dosing  resulting  from  periods  of  time 
between  cigarettes  (Henningfield  1984).  On  a  variety  of  intermittent 
schedules,  i.v.  nicotine  was  shown  to  function  as  an  effective 
reinforcer,  maintaining  overall  rates  of  responding  ranging  from  0.1 
to  more  than  1  response/sec  (Table  4).  These  increases  in  behavioral 
responses  maintained  by  nicotine  were  obtained  without  the  use  of 
food  deprivation  or  concurrent  inducing  schedules  of  food  delivery. 

In  one  series  of  experiments  with  squirrel  monkeys,  Goldberg  and 
Spealman  (1982)  and  Spealman  and  Goldberg  (1982)  utilized  a  fixed- 
interval  schedule  in  which  the  first  response  to  occur  after  a  5-min 
interval  elapsed  produced  an  i.v.  injection  of  nicotine  followed  by  a  1- 
min  period  of  drug  nonavailability  ("timeout").  Responses  during  the 
5-min  intervals  had  no  specified  consequences,  and  daily  sessions 
ended  after  10  intervals  or  2  hr.  Under  these  conditions,  nicotine 
functioned  as  an  effective  reinforcer:  (1)  peak  rates  of  responding 
maintained  by  nicotine  ranged  from  0.1  to  0.3  response/sec  and  were 
similar  to  thc^  maintained  by  cocaine;  (2)  as  nicotine  dose  per 
injection  was  increased  from  3  to  300  mg/kg,  rates  of  respondii^  first 
increased  and  then  decreased;  (3)  rates  of  responding  maintained  by 
nicotine  were  about  fourfold  to  eightfold  higher  than  those  main- 
tained during  saline  substitution;  and  (4)  daily  intramuscular 
treatment  with  1  mg/kg  of  mecamylamine  reduced  rates  of  respond- 
ing maintained  by  nicotine  to  saline-control  levels  but  had  no  effect 
on  responding  maintained  by  cocaine.  Thus,  nicotine  satisfied  £dl  the 
criteria  discussed  in  Chapter  V  as  an  effective  reinforcer.  Particular- 
ly striking  was  the  finding  that  although  injection  doses  of  nicotine 
above  30  mg/kg  produced  vomiting  during  the  session,  one  or  more 
of  these  higher  doses  continued  to  be  maintained  near  maximal  rates 
of  responding  in  four  of  the  six  monkeys  studied. 

The  results  of  Goldberg,  Spealman,  and  Goldberg  (1981)  showing 
nicotine  to  be  an  effective  reinforcer  have  been  extended  in 
subsequent  studies.  For  example,  high  rates  of  responding  were 
maintained  on  reinforcement  schedules  of  nicotine  injection  in 
which  the  number  of  responses  per  injection  was  fixed  at  some 
intermediate  level  (e.g.,  1  injection/15  responses;  such  contingencies 
are  termed  fixed-ratio  schedules).  Risner  and  Goldberg  (1983)  used  a 
15-response  fixed-ratio  schedule  of  nicotine  injection  with  4-min 
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timeout  periods  following  each  injeetion  in  beagle  dogs.  Nicotine  was 
an  effective  reinforcer  in  all  dogs:  (1)  peak  rates  of  responding  were 
about  0.3  response/sec,  but  higher  rates  of  responding  were  main- 
tained by  cocaine;  (2)  as  the  injection  dose  of  nicotine  increased  from 
10  to  100  mg/kg,  response  rates  first  increased  and  then  decreased  at 
the  highest  dose;  (3)  peak  rates  of  responding  maintained  by  nicotine 
were  about  fifteenfold  greater  than  those  maintained  by  saline;  and 
(4)  rates  of  responding  maintained  by  nicotine  but  not  by  cocaine 
were  reduced  to  saline  levels  by  presession  treatment  with  mecamy- 
lamine.  Although  cocaine  maintained  higher  rates  of  responding 
than  nicotine  in  the  dog,  fixed-ratio  patterns  of  responding  main- 
tained by  nicotine  and  cocaine  were  similar:  a  pause  in  responding  at 
the  start  of  each  fixed  ratio  was  followed  by  a  change  to  steady 
responding  at  a  high  rate  until  nicotine  or  cocaine  was  injected. 

In  other  studies  Goldberg  and  Henningfield  (1983a,b,  1986)  used 
10-  to  30-response  fixed-ratio  schedules  of  i.v.  nicotine  injection  in 
squirrel  monkeys.  When  a  1-min  timeout  followed  each  injection, 
nicotine  maintained  rates  of  responding  higher  than  did  saline, 
although  overall  rates  of  responding  were  very  low.  When  the 
timeout  value  was  increased  to  4  min  (Prada  and  Goldberg  1985; 
Goldberg  and  Henningfield  1986)  making  maximum  frequency  of 
nicotine  injection  comparable  to  that  of  earlier  studies  by  Goldberg 
and  colleagues,  nicotine  maintained  high  rates  of  responding  that 
ranged  from  0.3  to  2.4  responses/sec  in  different  monkej^. 

Differences  between  nicotine  and  cocaine  in  their  overall  efficacy 
as  intravenously  delivered  reinforcers  have  been  found  when  the 
drugs  are  compared  on  progressive-ratio  schedules.  Risner  and 
Goldberg  (1983)  studied  beagles  under  a  schedule  in  which  the  fixed- 
ratio  requirement  was  increased  daily  until  responding  was  no 
longer  maintained.  C!ocaine  maintained  higher  fixed-ratio  values 
than  did  nicotine  on  this  progressive-ratio  schedule,  although 
maximal  fixed-ratio  values  for  nicotine  were  well  above  those  for 
saline.  Yanagita  (1977)  obtained  similar  findings  on  a  progressive- 
ratio  schedule  of  i.v.  nicotine  or  cocaine  injection  in  rhesus  monkeys 
(Chapter  V). 

Nicotine  was  also  studied  in  the  baboon  using  an  intermittent 
schedule  of  reinforcement  and  was  found  to  be  a  weak  reinforcer. 
Ator  and  Griffiths  (1983)  used  a  5-min  fixed-interval  schedule  of  i.v. 
nicotine  injection  in  baboons  with  1-min  timeout  periods.  Peak  rates 
of  responding  were  higher  than  rates  maintained  during  saline 
substitution.  However,  rates  of  responding  maintained  by  nicotine 
were  much  lower  than  those  maintained  by  i.v.  injection  of  cocaine. 
In  addition,  as  the  injection  dose  of  nicotine  was  increased  from  10  to 
560  mg/kg,  rates  of  responding  first  increased  and  then  decreased  at 
the  highest  doses  in  one  baboon.  With  the  other  two  baboons,  rates  of 
responding  either  showed  little  change  or  decreased  as  injection  dose 
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was  increased.  These  variable  dose-response  data  were  consistent 
with  the  conclusion  that  nicotine  was  only  a  weak  reinforcer  in  the 
baboons. 

When  cigarettes  are  smoked,  a  variety  of  environmental  stimuli 
are  intermittently  associated  with  the  pharmacologic  actions  of 
nicotine  (e.g.,  pleasure  and  relief  from  withdrawal).  These  stimuli 
themselves  appear  important  in  controlling  and  strengthening 
repetitive  cigarette  smoking  (e.g.,  removal  of  the  sight  and  smell  of 
cigarette  smoking)  (Gritz  1978).  An  experimental  model  for  investi- 
gating the  role  of  drug-associated  stimuli  is  the  second-order 
schedule  of  drug  reinforcement.  Second-order  schedules  of  reinforce- 
ment involve  the  intermittent  pairing  or  association  of  an  environ- 
mental stimulus  with  the  primary  reinforcer;  these  stimuli  are  used 
as  "secondary"  or  "conditioned"  reinforcers  to  maintain  chains  of 
behavior  leading  eventually  to  the  delivery  of  the  primary  reinforcer 
(Goldberg,  Kelleher,  Morse  1975;  Katz  and  Goldberg,  in  press).  These 
schedules  add  an  additional  component  of  relevance  to  the  study  of 
cigarette  smoking:  cigarette  smoking  involves  the  pairing  of  many 
such  environmental  stimuli  (visual,  olfactory,  taste,  and  tactile)  with 
the  effects  of  nicotine  administration. 

Studies  of  i.v.  nicotine  on  second-order  schedules  of  reinforcement 
have  shown  that  (1)  nicotine  can  establish  previously  neutral  stimuli 
(e.g.,  colored  lights)  as  conditioned  reinforcers  when  injections  are 
paired  with  light  presentations,  (2)  such  schedules  can  result  in  high 
and  persistent  rates  of  drug-seeking  behavior,  and  (3)  the  presenta- 
tion of  the  stimuli  themselves  (in  the  absence  of  nicotine  injections) 
could  sustain  substantial  amounts  of  drug-seeking  behavior.  Gold- 
berg, Spealman,  and  Goldberg  (1981)  and  Spealman  and  Goldberg 
(1982)  used  a  second-order  schedule  of  nicotine  injection  in  which 
completion  of  each  10-response  fixed  ratio  during  a  2-,  3-,  or  5-min 
interval  produced  a  brief  visual  stimulus;  the  first  fixed  ratio 
completed  after  the  specified  fixed  interval  elapsed  produced  both 
the  visual  stimulus  and  i.v.  injection  of  drug.  In  these  studies, 
nicotine  functioned  as  a  powerful  reinforcer:  (1)  peak  rates  of 
responding  maintained  by  nicotine  ranged  from  0.8  to  1.7  respons- 
es/sec and  were  similar  to  those  maintained  by  cocaine;  (2)  as 
nicotine  dose  increased  from  3  to  100  mg/kg,  rates  of  responding  first 
increased  and  then  decreased;  (3)  rates  of  responding  maintained  by 
nicotine  were  twofold  to  eightfold  greater  than  those  maintained 
during  saline  substitution;  and  (4)  rates  of  responding  maintained  by 
nicotine,  but  not  by  cocaine,  were  reduced  to  saline  control  levels  by 
presession  administration  of  1  mg/kg  of  mecamylamine;  (5)  the  brief 
visual  stimuli  functioned  as  conditioned  reinforcers,  as  demonstrated 
by  the  finding  that  rates  of  responding  fell  markedly  when  they  were 
omitted  during  the  intervals. 
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Taken  together,  the  results  of  the  studies  described  in  this  Section 
confirm  that  nicotine  is  self-administered  in  several  animal  species 
and  in  the  absence  of  either  tobacco  or  unique  human  cultural 
factors.  It  appears  to  be  most  effective  as  a  reinforcer  when 
intermittently  available  and  when  environmental  stimuli  are  paired 
with  nicotine  delivery.  Under  these  conditions,  nicotine  injections 
functioned  to  motivate  behavior  as  did  cocaine  injections;  however, 
cocaine  injections  maintained  more  total  work  output  than  did 
nicotine.  Finally,  studies  with  nicotine  antagonists  further  con- 
firmed that  effects  of  nicotine  in  the  brain  were  necessary  to 
maintain  its  reinforcing  actions. 

Human  Studies  of  Nicotine  as  a  Reinforcer 

The  methods  developed  in  animal  studies  have  also  been  used  to 
demonstrate  the  reinforcing  effects  of  i.v.  nicotine  injections  in 
human  volunteers  (Henningfield,  Miyasato,  Jasinski  1983;  Henning- 
field  and  Goldberg  1983a;  Goldberg  and  Henningfield  198aa,b,  1986). 
In  these  studies  all  subjects  had  histories  of  tobacco  use  and  subjects 
were  not  allowed  to  smoke  1  hr  before  or  during  3-hr  sessions: 
During  test  sessions  every  10th  lever  press  produced  an  i.v.  injection 
of  either  nicotine  or  saline  followed  by  a  1-min  timeout.  In  one  study 
(Henningfield,  Miyasato,  Jasinski  1983),  nicotine  was  available  on 
some  days,  while  saline  was  available  on  other  days.  In  other  studies 
(Henningfield  and  Goldberg  1983a;  Croldberg  and  Henningfield 
1983a,b),  nicotine  and  saline  were  concurrently  available  for  re- 
sponding on  alternate  levers.  With  both  approaches,  all  of  the 
subjects  initiated  self-administration  of  nicotine.  Nicotine  injections 
were  regularly  spaced  throughout  each  session,  and  the  rate  of  self- 
administration  was  inversely  related  to  dose.  When  saline  was 
substituted  for  nicotine,  rates  of  responding  usually  decreased; 
responding  that  did  occur  for  saline  occurred  predominantly  at  the 
start  of  each  session  and  was  erratic  in  temporal  patterns. 

In  another  study,  the  fixed-ratio  value  was  then  increased  to  100; 
following  each  injection,  subjects  then  had  to  wait  20  min  before 
another  injection  could  be  obtained  (Swedberg,  Henningfield,  Grold- 
berg,  in  press).  Under  these  conditions  rates  of  responding  increased 
and  ranged  from  0.4  to  2  responses/sec,  similar  to  those  seen  with 
squirrel  monkeys  and  dogs  in  the  studies  previously  described.  These 
studies  of  i.v.  nicotine  self-administration  demonstrated  conclusively 
that  nicotine  itself  can  serve  as  an  effective  reinforcer  in  humans. 

Nicotine  as  an  Aversive  Stimulus 

Even  dependence-producing  drugs  do  not  have  invariant  positive 
reinforcing  effects;  they  may  be  aversive  under  some  conditions  (see 
Chapter  V).  Furthermore,  aversive  effects  are  an  additional  mechan- 
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ism  by  which  drugs  can  modify  behavior  and  may  be  important  in 
gradually  increasing  the  total  amount  of  control  which  is  exerted  by 
the  drug  over  the  individual.  Such  effects  of  nicotine"  could  be 
important  in  limiting  the  total  amount  of  cigarette  smoking  or  even 
in  determining  when  the  cigarette  is  discarded. 

The  potential  effects  of  nicotine  to  produce  severe  discomfort  and 
thereby  limit  further  intake  have  been  part  of  the  history  of  nicotine 
which  has  developed  over  the  centuries  (Lewin  1931;  Dixon  and  Lee 
1912).  Two  t3T)es  of  laboratory  studies  have  been  conducted  to  assess 
possible  aversive  effects  of  nicotine.  The  studies,  involving  animals 
and/or  humans,  showed  that  nicotine  (at  high  levels)  can  serve  as  a 
punisher  to  suppress  behavior  leading  to  the  delivery  of  another 
reinforcer,  and  as  an  aversive  stimulus  or  negative  reinforcer  to 
maintain  behavior  that  either  terminates  or  prevents  injections  of 
nicotine. 

In  one  series  of  studies  (Goldberg  and  Spealman  1982,  1983), 
squirrel  monkeys  responded  on  a  two-component  fixed-ratio  schedule 
of  food  presentation.  In  both  components,  every  30th  lever  press 
produced  a  food  pellet.  In  the  punishment  component,  which  was 
signaled  by  a  red  light,  the  first  response  in  each  fixed  ratio  produced 
an  i.v.  injection  of  nicotine.  When  responding  produced  10-  or  30- 
mg/kg  injections  of  nicotine  during  the  punishment  component, 
responding  was  selectively  suppressed  in  that  component  in  a  dose- 
related  manner.  When  saline  was  injected,  however,  rates  of 
responding  for  food  were  no  longer  suppressed.  Similar  findings  were 
obtained  when  electric  shock  was  compared  with  nicotine  in  the 
same  studies.  Administration  of  mecamylamine,  but  not  hexametho- 
nium,  reduced  the  punishing  effects  of  the  nicotine,  showing  that  the 
effects  were  centrally  mediated.  Futhermore,  these  antagonists  did 
not  reduce  the  aversive  effects  of  the  electric  shock,  confirming  that 
the  effects  of  nicotine  were  due  to  nicotine  actions  at  nicotinic 
receptors  and  not  to  more  general  possible  effects  of  nicotine. 

The  potential  aversive  effects  of  nicotine  have  been  experimental- 
ly demonstrated  in  human  subjects  in  a  preliminary  experiment  by 
Henningfield  and  Goldberg  (1983a).  Human  volunteers  who  had 
been  recruited  for  studies  of  i.v.  nicotine  self-administration  and  who 
did  not  self-administer  nicotine  during  initial  sessions  were  tested 
under  a  concurrent  schedule  of  nicotine  avoidance  and  nicotine  self- 
administration.  Two  levers  were  present,  and  injections  of  nicotine 
were  programmed  to  occur  every  15  or  30  min.  Pressing  the  left  lever 
10  times  avoided  the  impending  injection,  while  pressing  the  right 
lever  10  times  produced  an  injection.  Higher  doses  of  nicotine  (1.5  to 
4  mg/injection  given  over  10  sec)  resulted  in  increased  rates  of 
pressing  on  the  left  lever,  and  fewer  injections  occurred.  Subjects 
never  completed  the  10  responses  on  the  alternate  lever  required  to 
produce  an  injection.  When  saline  was  substituted  for  nicotine. 
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responding  decreased  and  the  number  of  injections  received  marked- 
ly increased.  Analogously,  in  these  same  subjects  scores  on  a  visual 
line  analog  scale  for  rating  "negative  or  undesirable"  effects  were 
directly  related  to  nicotine  dose,  and  declined  to  zero  when  saline 
was  substituted  for  nicotine. 

Nicotine  as  an  Unconditioned  Stimulus 

The  preceding  studies  have  largely  evaluated  the  effects  of 
nicotine  administration  on  some  behavior  which  was  associated  with 
the  drug  by  a  specific  behavioral  contingency.  But  drugs  can  also 
directly  elicit  responses  which  then  might  become  conditioned  to 
occur  in  the  presence  of  whatever  stimuli  were  associated  with  those 
effects.  The  effects  may  be  seen  as  positive  or  negative  and  may  be 
associated  with  either  increasing  or  declining  drug  levels  in  the  body 
(i.e.,  drug  taking  or  drug  withdrawal). 

Two  general  conditioning  paradigms  are  used  to  evaluate  the 
unconditioned  stimulus  effects  of  drugs  and  have  been  used  to  test 
nicotine:  the  conditioned  place  preference  and  aversion  paradigm, 
and  the  conditioned  taste  aversion  paradigm.  In  addition  to  a 
discussion  of  these  paradigms,  data  obtained  from  the  practical 
application  of  such  findings  in  the  treatment  of  tobacco  dependence 
will  be  summarized. 

Conditioned  Place  Preference  and  Aversion 

The  place  preference  and  aversion  paradigm  has  been  increasingly 
used  to  evaluate  the  potential  of  drugs  to  produce  dependence 
(Bozarth  1983).  It  may  be  used  to  assess  the  positive  and  negative 
subjective  states  induced  by  drugs  and  other  chemicals.  In  the  place- 
conditioning  procedure,  an  animal  is  exposed  to  the  effects  of  a  drug 
in  a  novel,  distinctive  environment.  Another  environment  is  paired 
with  the  administration  of  the  drug  vehicle  (e.g.,  saline).  Subsequent- 
ly, the  subject  is  given  a  free  choice  Of  both  environments  while  not 
under  the  influence  of  the  drug.  It  is  currently  hypothesized  that  the 
formation  of  place  preferences  or  place  aversions  depends  on  the 
association  of  the  interoceptive  drug  effect  with  an  external  stimulus 
(e.g.,  the  particular  environmental  context  of  the  place-conditioning 
apparatus).  Nicotine  has  been  shown  to  condition  both  positive  and 
negative  effects  in  this  paradigm. 

The  first  published  study  of  the  place-conditioning  effects  of 
nicotine  (Fudala,  Teoh,  Iwamoto  1985)  indicated  that  nicotine,  at 
doses  from  0.1  to  1.2  mg/kg  administered  s.c.  to  rats,  produced  both  a 
place  preference  and  place  aversion  depending  upon  the  dose.  As 
discussed  in  Chapter  V,  the  ability  to  condition  both  place  prefer- 
ences as  well  as  place  aversions  is  characteristic  of  several  depen- 
dence-producing drugs.  A  dose  of  0.8  mg/kg  was  found  to  condition  a 
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place  preference  for  previously  nicotine-paired  environmental  cues 
in  the  greatest  proportion  of  animals.  At  the  lowest  effective  place- 
conditioning  dose  of  nicotine,  0.1  mg/kg,  an  almost  equal  proportion 
of  animals  exhibited  place  preferences  and  place  aversions.  This 
investigation  also  indicated  that  mecamylamine,  but  not  hexametho- 
nium,  blocked  the  place  preference-producing  effects  of  nicotine, 
suggesting  that  this  nicotine-induced  effect  was  centrally  mediated. 

Subsequent  studies  have  extended  the  findings  of  Fudala,  Teoh, 
and  Iwamoto  (1985)  discussed  above.  Using  a  more  conservative 
classification  method  in  categorizing  their  subjects,  Fudala  and 
Iwamoto  (1986)  observed  that  nicotine  produced  a  conditioned  place 
preference  only  within  the  dose  range  previously  tested.  Further- 
more, nicotine  conditioned  a  place  preference  when  the  drug  was 
adniinistered  immediately  prior  to  conditioning  sessions,  but  not 
when  administered  from  20  to  120  min  prior  to  conditioning. 
Depending  on  the  timing  of  nicotine  administration,  either  place 
preferences  or  place  aversions  may  be  produced.  For  example,  at 
doses  between  0.2  and  0.8  mg/kg,  a  dose-dependent  place  aversion 
was  induced  when  nicotine  was  administered  5  min  or  less  following 
an  animal's  exposure  to  the  conditioning  environment  (Fudala  and 
Iwamoto  1987).  One  other  group  of  investigators,  Clarke  and  Fibiger 
(1987),  using  the  same  dose  range  of  nicotine  as  in  the  two 
aforementioned  studies,  found  no  nicotine-induced  conditioned  place 
preference  in  rats.  However,  the  two  investigative  groups  used 
experimental  methods  that  differed  considerably,  including  differ- 
ences in  apparatus  design,  olfactory  cues,  number  of  conditioning 
trials  performed,  and  time  of  conditioning  relative  to  nicotine 
administration.  The  finding  that  nicotine  administration  can  lead  to 
conditioned  responses  in  animals  provides  additional  evidence  of 
nicotine's  potential  to  control  behavior  by  this  basic  learning  process 
(i.e.,  Pavlovian  or  classical  conditioning,  see  Chapter  V). 

Conditioned  Taste  Aversion  and  Rapid  Smoking 

During  conditioned  taste  aversion  experiments,  the  presentation 
of  an  aversive  stimulus  after  the  consumption  of  a  distinctively 
flavored  solution  causes  rejection  of  the  solution  when  it  is  presented 
at  a  later  time  (Palmerino,  Rusiniak,  Garcia  1980;  Chapter  V).  A 
variety  of  dependence-producing  drugs  have  been  found  to  be 
effective  at  inducing  taste  aversions  (for  example,  Wise,  Yokel, 
DeWit  1976;  Suzuki  et  al.  1983;  Hunt  and  Amit  1987;  Chapter  V). 
Findings  specific  to  nicotine  are  presented  here. 

Etscom  (1980)  reported  that  a  large  intraperitoneal  (i.p.)  dose  of 
nicotine,  2  mg/kg,  conditioned  taste  aversions  to  20  percent  (weight 
per  volume)  sucrose  in  Swiss- Webster  mice  with  the  two-bottle  choice 
test  paradigm.  Etscorn  and  colleagues  (1986)  also  reported  that  i.p. 
injections  of  1,  3,  and  9  mg/kg  of  nicotine  in  golden  Syrian  hamsters 
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induced  dose-related  conditioned  taste  aversions  to  0.1  percent 
sodium  saccharin  solutions  with  a  single-bottle  choice  paradigm. 

Kumar,  Pratt,  and  Stolerman  (1983)  reported  that  s.c.  injections  of 
nicotine  bitartrate  could  condition  taste  aversions  to  either  0.1 
percent  sodium  saccharin  or  0.9  percent  sodium  chloride  solutions  at 
doses  as  low  as  0.08  mg/kg  in  Lister  hooded  rats  with  a  two-bottle 
choice  paradigm.  The  conditioned  taste  aversion  was  induced  by 
nicotine  in  a  dose-related  manner;  stronger  taste  aversions  were 
induced  by  nicotine  after  four  conditioning  trials  than  after  one  or 
two  trials.  The  S-nicotine  (the  nicotine  form  normally  delivered  in 
cigarette  smoke)  was  approximately  five  times  as  potent  as  its 
stereoisomer  in  conditioning  taste  aversions.  Mecamylamine,  0.1  to  2 
mg/kg  administered  before  each  conditioning  trial,  blocked  the 
development  of  taste  aversions  produced  by  0.4  mg/kg  of  nicotine; 
hexamethonium,  1  to  10  mg/kg,  had  no  effect. 

Other  studies  have  confirmed  the  pharmacologic  specificity  of 
nicotine-induced  taste  aversions;  that  is,  Iwamoto  and  Williamson 
(1984)  also  found  that  the  development  of  nicotine-conditioned  taste 
aversions  could  be  prevented  in  rats  by  pretreatment  with  mecamy- 
lamine, 3  mg/kg,  but  not  with  1  mg/kg  of  hexamethonium.  In  an 
analc^ous  study,  the  pharmacologic  specificity  of  apomorphine- 
(dopamine  agonist  chemically  derived  from  morphine)  conditioned 
taste  aversions  was  investigated  in  rats  by  establishing  the  response 
to  both  apomorphine  and  nicotine  following  pretreatment  of  the 
animals  with  pimozide  (Kumar,  Pratt,  Stolerman  1983).  Pimozide  is 
a  dopamine  antagonist  that  blocks  many  of  the  effects  of  apomor- 
phine. Pimozide  pretreatment  reduced  the  strength  of  the  condi- 
tioned test  aversions  to  apomorphine  but  not  to  nicotine,  confirming 
a  certain  degree  of  pharmacologic  specificity  of  the  conditioning 
effects  of  these  two  chemicals.  Finally,  an  intraventricular  microin- 
jection of  5  mg/kg  of  the  quaternary  nicotinic  cholinergic  ganglionic 
antagonist,  chlorisondamine,  in  hooded  Lister  rats  blocked  the 
development  of  conditioned  taste  aversions  to  0.1  percent  sodium 
saccharin  or  0.9  percent  sodium  chloride  induced  by  nicotine  injected 
9  to  16  days  after  the  chlorisondamine  (Reavill  et  al.  1986). 

These  data  indicate  that  nicotine,  like  some  other  drugs,  is  capable 
of  conditioning  taste  aversions  in  a  dose-related  manner  in  rodents 
(see  Chapter  V).  Because  mecamylamine,  but  not  hexamethonium, 
blocks  nicotine-conditioned  taste  aversions,  the  mechanism  by  which 
nicotine  conditions  taste  aversions  appears  to  be  centrally  mediated. 
Conditioned  taste  aversion  studies  in  which  various  combinations  of 
nicotinic  agonists  and  antagonists  are  given  have  also  been  useful  in 
helping  to  identify  specific  brain  mechanisms  of  nicotine's  behavior 
modifying  properties  (see  review  by  Stolerman,  in  press;  also  see 
Chapters  III  and  V). 
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The  fact  that  nicotine  can  be  used  to  eUcit  aversive  effects  has 
been  put  to  practical  apphcation  in  the  treatment  of  cigarette 
smoking  (Chapter  V),  generally  to  associate  aversive  effects  of  high 
doses  of  nicotine  with  the  taste,  smell,  and  inhalation  of  cigarette 
smoke.  Variations  on  this  procedure  have  been  termed  "rapid" 
smoking  or  "aversive"  smoking  procedures;  the  clinical  results  of 
these  procedures  have  been  mixed  (see  Chapter  VII). 

Nicotine:  Withdrawal  Reactions  (Physical  Dependence) 

The  preceding  Sections  have  shown  that  cigarette  smoking  is  an 
orderly  form  of  drug  self-administration.  The  role  of  nicotine  in 
controlling  this  behavior  is  similar  to  the  role  of  other  psychoactive 
drugs  in  the  determination  of  other  forms  of  drug  dependence  (see 
Chapter  V).  Nicotine  can  serve  as  a  highly  effective  positive 
reinforcer,  and  deprivation  of  cigarette  smoking  and  presumably  of 
nicotine  itself  can  increase  the  reinforcing  ef^cacy  of  cigarettes 
(Henningfield  and  Griffiths  1979).  If  longer  periods  of  deprivation 
are  associated  with  a  discomforting  withdrawal  syndrome,  this 
would  constitute  an  additional  mechanism  by  which  the  reinforcing 
efficacy  of  nicotine  would  be  further  increased.  The  drug  effect 
which  enables  such  discomforting  withdrawal  is  physical  depen- 
dence. Physical  dependence  refers  to  physiological  and  behavioral 
alterations  that  become  increasingly  manifest  after  repeated  expo- 
sure to  a  pharmacologic  agent.  The  primary  indication  of  physical 
dependence  is  an  abstinence-associated  withdrawal  syndrome,  al- 
though tolerance  is  a  frequent  concomitant  (Kalant  1978;  Cochin 
1970;  Kalant,  LeBlanc,  Gibbons  1971;  Eddy  1973;  Clouet  and 
Iwatsubo  1975;  Yanagita  1977).  Physical  dependence  and  tolerance 
are  discussed  in  greater  detail  in  Chapter  V. 

Tolerance  to  nicotine  has  been  studied  since  the  19th  century  and 
is  well  documented  (Langley  1905;  Dixon  and  Lee  1912;  Gillman  et 
al.  1985).  As  reviewed  in  Chapters  II  and  V,  nicotine  produces 
tolerance  to  a  variety  of  behavioral  and  physiological  responses. 
Until  the  1970s,  however,  physical  dependence  on  tobacco  was  not 
rigorously  studied,  although  there  was  evidence  for  a  s3mdrome  of 
withdrawal  that  could  accompany  abstinence  from  chronic  cigarette 
smoking  (Lewin  1931;  Weybrew  and  Stark  1967)  and  that  was 
significantly  involved  in  attempts  to  quit  smoking  (Dorsey  1936).  The 
clinical  significance  of  the  tobacco  withdrawal  syndrome  has  also 
been  formally  recognized  by  professional  organizations  such  as  the 
American  Psychiatric  Association  (APA)  (1980,  1987)  and  the 
American  College  of  Physicians  (1986).  These  observations,  along 
with  the  evidence  that  nicotine  produces  tolerance  (Chapter  II),  led 
to  the  conclusion  that  nicotine  exposure  produced  physical  depen- 
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dence  (Jaffe  1985;  Jaffe  and  Jarvik  1978;  US  DHHS  1986b;  APA 
1980). 

Conclusions  that  nicotine  exposure  produced  physical  dependence 
were  also  consistent  with  early  data  which  suggested  that  i.v. 
nicotine  delivery  seemed  to  relieve  withdrawal  from  cigarettes  and 
may  have  produced  physical  dependence  in  a  nonsmoker  (Johnston 
1942).  Other  supporting  observations  included  the  finding  that 
abrupt  reduction  of  the  nicotine  in  cigarettes  (i.e.,  low  nicotine-yield 
cigarettes)  resulted  in  behavioral  and  physiological  withdrawal  signs 
including  discomfort  and  the  seeking  of  regular  cigarettes  (Finnegan, 
Larson,  Haag  1945;  Knapp,  Bliss,  Wells  1963).  However,  the  rigorous 
scientific  methods  of  the  kind  that  were  developed  to  evaluate 
withdrawal  from  opioids  and  sedatives  (Himmelsbach  1942;  Isbell 
1948;  Isbell  et  al.  1955;  Chapter  V)  were  not  applied  to  the  study  of 
the  tobacco  withdrawal  syndrome  until  the  late  1970s.  Therefore,  the 
data  available  at  the  time  of  the  1964  Report  of  the  Surgeon 
General's  Advisory  Committee  on  Smoking  and  Health  were  not 
considered  conclusive  (US  DHEW  1964).  The  present  Section  reviews 
characteristics  of  physical  dependence  on  nicotine,  including  the 
relationship  of  nicotine  intake  to  the  magnitude  of  withdrawal  signs 
and  symptoms,  and  the  role  of  both  environmental  and  pharmacolog- 
ic factors  which  influence  the  course  of  the  withdrawal  syndrome. 

Criteida  for  Physical  Dependence  on  Nicotine  and  Clinical 
Characteristics  of  the  Withdrawal  Syndrome 

Similar  kinds  of  phenomena  characterize  withdrawal  syndrom^ 
from  all  drugs  that  produce  physical  dependence.  If  physical 
dependence  on  nicotine  occurs,  these  same  phenomena  should  be 
observed  (see  Chapter  V;  Martin  1977;  Thompson  and  Unna  1977; 
Woods,  Katz,  Winger  1987).  Based  on  these  phenomena,  criteria  for 
establishing  that  physical  dependence  on  nicotine  occurs  include  the 
following:  (1)  Termination  of  cigarette  smoking  should  be  accompa- 
nied by  changes  in  mood,  behavior,  and  physical  functioning.  (2) 
Some  of  these  changes  should  be  in  a  direction  which  is  opposite  to 
those  produced  by  cigarette  smoking  and  should  return  to  the 
baseline  levels  observed  during  chronic  tobacco  administration 
("rebound  effects").  (3)  Physiologida!  withdrawal  effects  should  be 
reversible  by  nicotine  administra;tion. 

The  tobacco  withdrawal  syndrome  as  described  by  the  APA  in  the 
revised  Diagnostic  and  Statistical  Manual  (DSM  III-R)  (APA  1987), 
provides  a  clinical  description  (Table  5).  Several  of  the  symptoms  of 
the  nicotine  withdrawal  syndrome  correspond  to  effects  of  nicotine 
that  are  either  known  or  suspected  to  promote  tobacco  dependence 
as  discussed  in  Chapter  VI.  It  should  be  noted  that  the  sequelae  of 
tobacco  abstinence  include  a  range  of  responses  which  do  not  share 
the  same  underlying  mechanisms.  For  example,  some  symptoms  are 
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transient  response  which  are  opposite  those  produced  when  nicotine 
is  given  and  which  subside  within  a  few  dajrs  or  weeks  of  nicotine 
abstinence;  such  responses  are  presumed  to  reflect  a  physiological 
rebound  occurring  in  the  absence  of  chronic  drug  exposure.  Other 
responses  are  also  opposite  those  produced  by  nicotine  administra- 
tion but  appear  to  primarily  reflect  the  removal  of  nicotine  exposure, 
and  which  may  occur  whether  or  not  sufficient  nicotine  had  been 
taken  to  produce  physical  dependence.  An  example  of  the  latter  type 
of  response  is  body  weight.  Nicotine  can  directly  suppress  appetite 
and  body  weight,  often  below  the  value  at  which  it  would  have  been 
had  nicotine  not  been  taken;  removal  of  nicotine  is  then  accompa- 
nied by  a  stable  increase  in  body  weight. 

Various  lines  of  scientific  evidence  are  available  to  characterize 
physical  dependence  on  tobacco  and  to  evaluate  the  specific  role  of 
nicotine.  These  data  include  surveys,  treatment  studies,  and  experi- 
mental laboratory  studies  and  are  briefly  reviewed  in  this  Section. 

Retrospective  Survey  Data 

Retrospective  studies  have  been  conducted  with  ex-smokers  who 
were  participating  in  major  surveys  (Wynder,  Kaufman,  Lesser  1967; 
Hughes,  Gust,  Pechacek  1987)  or  who  were  patients  with  chronic 
respiratory  problems  (Burns  1969;  Mausner  1970).  Other  studies 
were  conducted  using  subjects  who  responded  to  advertisements  in 
newspapers  (Pederson  and  Lefcoe  1976)  or  were  contacted  by  word  of 
mouth  (Trahir  1967).  The  subjects  in  these  studies  had  either  quit 
smoking  recently,  had  quit  smoking  for  more  than  1  year,  or  had  at 
least  one  episode  of  remaining  abstinent  for  24  hr.  Although  the 
reliability  of  these  data  is  limited  because  they  are  from  retrospec- 
tive self-reports,  they  provide  information  on  the  prevalence  and 
nature  of  symptoms  which  may  be  experienced  by  smoke-deprived 
persons  and  acutely  abstinent  smokers. 

Symptoms  reported  by  significant  numbers  of  ex-smokers  includ- 
ed: "craving"  for  tobacco  (Hughes,  Gust,  Pechacek  1987;  Trahir  1967; 
Burns  1969;  Mausner  1970;  Pederson  and  Lefcoe  1976);  restlessness, 
nervousness,  or  irritability  (Trahir  1967;  Wynder,  Kaufman,  Lesser 
1967;  Burns  1969;  Mausner  1970;  Hughes,  Gust,  Pechacek  1987); 
anxiety  (Hughes,  Gust,  Pechacek  1987);  impatience  (Hughes,  Gust, 
Pechacek  1987);  difficulty  concentrating  (Trahir  1967;  Wynder, 
Kaufman,  Lesser  1967;  Hughes,  Gust,  Pechacek  1987);  somatic  or 
physical  complaints  (Hughes,  Gust,  Pechacek  1987;  Pederson  and 
Lefcoe  1976);  increased  appetite  (Wynder,  Kaufman,  Lesser  1967; 
Hughes,  Gust,  Pechacek  1987);  increased  food  intake  (W5nider, 
Kaufman,  Lesser  1967);  and  weight  gain  (Trahir  1967;  Wynder, 
Kaufman,  Lesser  1967;  Mausner  1970;  Pederson  and  Lefcoe  1976). 

Measures  of  the  incidence  and  magnitude  of  signs  and  symptoms 
vary  across  studies,  at  least  partly  because  of  the  diversity  of  the 
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TABLE  5. — ^Diagnostic  categorization  and  criteria  for 
nicotine  withdrawal 


Nicotine-induced  organic  mental  disorder 


292.00  Nicotine  Withdrawal 

The  essential  feature  of  this  disorder  is  a  characteristic  withdrawal 
syndrome  due  to  the  abrupt  cessation  of  or  reduction  in  the  use  of  nicotine- 
containing  substances  (e.g.,  cigarettes,  cigars,  and  pipes,  chewing  tobacco,  or 
nicotine  gum)  that  has  been  at  least  moderate  in  duration  and  amount.  The 
syndrome  includes  craving  for  nicotine;  irritability,  frustration,  or  anger; 
anxiety;  difficulty  concentrating;  restlessness;  decreased  heart  rate;  and 
increased  appetite  or  weight  gain. 

In  many  heavy  cigarette  smokers,  changes  in  mood  and  performance  that 
are  related  to  withdrawal  can  be  detected  within  2  hours  after  the  last  tobacco 
use.  The  sense  of  craving  appears  to  reach  a  pesik  within  the  first  24  hours 
after  cessation  of  tobacco  use,  and  gradually  declines  thereafter  over  a  few  days 
to  several  weeks.  In  any  given  case  it  is  difficult  to  distinguish  a  withdrawal 
effect  from  the  emergence  of  psychological  traits  that  were  suppressed, 
controlled,  or  altered  by  the  effects  of  nicotine  or  from  a  behavioral  reaction 
{e.g.,  frustration)  to  the  loss  of  a  reinforcer. 

Mild  symptoms  of  withdrawal  may  occur  after  switching  to  low  tar/nicotine 
cigarettes  and  after  stopping  the  use  of  smokeless  (chewing)  tobacco  or  nicotine 
gum. 

The  diagnosis  of  Nicotine  Withdrawal  is  usually  self-evident  from  the 
person's  history,  and  disappearance  of  the  symptoms  if  smoking  is  resumed  is 
confirmatory.  However,  withdrawed  from  other  psychoactive  substances  may  take 
place  simultaneously,  and  produce  similar  symptoms. 

Diagnostic  Criteria  for  Nicotine  Withdrawal 

A.  Daily  use  of  nicotine  for  at  least  several  weeks 

B.  Abrupt  cessation  of  nicotine  use,  or  reduction  in  the  amount  of  nicotine 
used,  followed  within  24  hours  by  at  least  four  of  the  following  signs: 


(1) 

Craving  for  nicotine 

(2) 

Irritability,  frustration,  or  anger 

(3) 

Anxiety 

(4) 

Difficulty  concentrating 

(5) 

Restlessness 

(6) 

Decreased  heart  rate 

(7) 

Increased  appetite  or  weight  gain 

SOURCE;  Condensed  from  the  American  Psychiatric  Association  (1987). 

measuring  instruments  and  techniques  used,  questions  asked,  and 
populations  examined.  Collectively,  the  results  of  many  such  studies 
suggest  that  most  nicotine-deprived  cigarette  smokers  experience  at 
least  one  symptom  of  the  tobacco  withdrawal  syndrome,  that 
between  one-fourth  and  one-half  show  significant  withdrawal,  and 
that  about  one-fourth  report  no  withdrawal  at  all  (Pederson  and 
Lefcoe  1976;  Wjnader,  Kaufman,  Lesser  1967;  Hughes,  Gust,  Pecha- 
cek  1987;  Gritz  1980;  Henningfield  1984).  Of  those  persons  who 
retrospectively  report  experiencing  no  withdrawal  symptoms,  it  is 
unclear  whether  they  were  not  physically  dependent,  whether  the 
assessment  instruments  were  not  sufficiently  sensitive,  or  whether 
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some  persons  are  less  impaired  or  discomforted  by  withdrawal 
symptoms. 

Prospective  Data  from  Laboratory  and  Nonlaboratory 
Studies 

Cigarette  smokers  have  been  studied  both  in  laboratory  and 
nonlaboratory  settings  using  a  variety  of  self-  and  observer-adminis- 
tered tests  measuring  subjective,  behavioral,  and  physiological  signs 
and  symptoms  that  accompany  tobacco  deprivation.  The  studies  have 
examined  changes  in  functioning  resulting  after  periods  of  tobacco 
deprivation  ranging  from  1  hr  to  21  days.  Most  studies  have  obtained 
both  baseline  and  deprivation  measures;  a  few  studies  have  incorpo- 
rated a  control  group  of  continuing  smokers  or  nonsmokers;  and  a 
few  have  obtained  data  after  smokers  resumed  smoking  or  were 
given  nicotine  polacrilex  gum.  The  studies  included  ones  which  were 
conducted  while  the  subjects  were  residing  on  a  research  ward,  were 
living  in  their  usual  environment,  or  were  paying  occasional  visits  to 
a  clinic  for  smoking  cessation  treatment.  The  symptoms  reported  in 
these  studies  were  similar  to  those  obtained  from  the  retrospective 
studies,  demonstrating  generality  across  method  and  setting.  These 
symptoms  included  the  following:  "craving"  for  tobacco  (Gritz  and 
Jarvik  1973;  Hatsukami  et  al.  1984;  Gilbert  and  Pope  1982;  Shiffman 
and  Jarvik  1976;  Cummings  et  al.  1985;  Hughes  and  Hatsukami 
1986),  irritability  or  anger  (Myrsten,  Elgerot,  Edgren  1977;  Elgerot 
1978;  Weybrew  and  Stark  1967;  Hughes  and  Hatsukami  1986), 
anxiety  and  tension  (Mrysten,  Elgerot,  Edgren  1977;  Hughes  and 
Hatsukami  1986),  restlessness  (Hughes  and  Hatsukami  1986),  impa- 
tience (Hughes  and  Hatsukami  1986),  depression  (Hatsukami  et  al. 
1984),  problems  with  concentration  (Hatsukami  et  al.  1984;  Weybrew 
and  Stark  1967;  Myrsten,  Elgerot,  Edgren  1977;  Frankenhaeuser  et 
al.  1971;  Hughes  and  Hatsukami  1986),  drowsiness  or  fatigue 
(Weybrew  and  Stark  1967),  sleep  disturbances  (Hatsukami  et  al. 
1984;  Larson,  Haag,  Silvette  1961;  Weybrew  and  Stark  1967; 
Myrsten,  Elgerot,  Edgren  1977;  Hughes  and  Hatsukami  1986),  and 
increased  hunger  or  appetite  (Myrsten,  Elgerot,  Edgren  1977; 
Hughes  and  Hatsukami  1986). 

In  one  study  (Hughes  and  Hatsukami  1986),  each  subject  had  a 
spouse,  relative,  or  friend  rate  some  of  the  symptoms  of  withdrawal 
to  verify  self-report.  These  observer  ratings  of  irritability,  anxiety, 
restlessness,  drowsiness,  fatigue,  impatience,  and  somatic  complaints 
were  all  significantly  related  to  their  respective  subject's  ratings, 
thus  adding  to  the  validity  of  reports  of  these  symptoms.  These 
researchers  found  that  the  most  common  self-report  symptoms  were 
increased  irritability  (80  percent),  anxiety  (87  percent),  difficulty 
concentrating  (73  percent),  restlessness  (71  percent),  impatience  (76 
percent),  insomnia  (84  percent),  and  craving  for  tobacco  (62  percent). 
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Seventy-eight  percent  of  the  subjects  reported  four  or  more  DSM-III 
criteria.  This  degree  of  prevalence  was  higher  than  that  found  in  a 
retrospective  study  conducted  by  Hughes,  Gust,  and  Pechacek  (1987), 
possibly  reflecting  differences  in  the  measuring  instruments  or  the 
populations  themselves. 

The  physiological  changes  which  have  been  found  to  occur  after 
cigarette  deprivation  include  decreased  heart  rate  (Knapp,  Bliss, 
Wells  1963;  Murphee  and  Schultz  1968;  Parsons,  Avery  et  al.  1975; 
Benowitz,  Kuyt,  Jacob  1984;  Hatsukami  et  al.  1984;  Weybrew  and 
Stark  1967;  Gilbert  and  Pope  1982;  Hughes  and  Hatsukami  1986; 
West  and  Russell  1987;  Elgerot  1978;  West,  Jarvis  et  al.  1984; 
Henningfield  1987a)  and  decreased  cortical  arousal  as  evidenced  by 
decreases  in  peak  alpha  frequency  and  increases  in  low  frequency 
activity  which  appear  to  be  associated  with  drowsiness  and  decreased 
vigilance  (Knott  and  Venables  1977,  1979;  Ulett  and  Ita  1969; 
Heming,  Jones,  Bachman  1983;  Heming  1987).  Knott  and  Venables 
(1978)  have  also  found  that  the  visual  evoked  response  in  tobacco- 
deprived  smokers  showed  faster  latencies  and  larger  amplitudes  for 
low-stimulus  intensities  than  among  nondeprived  smokers  and 
nonsmokers.  They  concluded  that  deprived  smokers  experience  CNS 
hypersensitivity  and,  as  a  result,  may  experience  visual  stimulus 
input  more  easily  and  strongly.  Hall  and  colleagues  (1973)  reported 
reduced  auditory  evoked  response  (AER)  amplitudes  during  tobacco 
withdrawal.  Blood  pressure  (Benowitz,  Kujrt,  Jacob  1984;  Murphee 
and  Schultz  1968;  Knapp,  Bliss,  Wells  1963)  and  respiratory  rate 
(Parsons  et  al.  1976)  have  also  been  found  to  decrease  during 
abstinence.  Studies  have  also  reported  an  increase  in  skin  tempera- 
ture among  tobacco-deprived  smokers  (Gilbert  and  Pope  1982; 
Myrsten,  Elgerot,  Edgren  1977)  or  no  change  (West  and  Russell 
1987),  and  either  a  decrease  (Fagerstrom  1978)  or  no  significant 
change  (Hatsukami  et  al.  1984)  in  body  temperature  among  those 
who  are  classified  as  more  dependent.  Although  some  studies  have 
reported  insomnia  and  sleep  disturbance  following  tobacco  depriva- 
tion, tobacco-deprived  smokers'  total  sleep  time  may  be  longer 
during  withdrawal  (Soldatos  et  al.  1980).  Reported  changes  in  sleep 
pattern  include  decreased  latency  to  rapid-eye-movement  (REM) 
sleep  (Kales  et  al.  1970),  decreased  latency  to  light  (delta  electroen- 
cephalogram (EEG)  wave)  sleep  onset  (Parsons,  Luttrell  et  al.  1975; 
Parsons  and  Hamme  1976),  and  increased  total  REM  sleep  time 
(Soldatos  et  al.  1980;  Kales  et  al.  1970;  Parsons,  Avery  et  al.  1975). 

Another  physical  change  found  among  tobacco-deprived  smokers  is 
an  increase  in  weight  (Grunberg  1986;  see  also  Chapter  VI).  Weight 
increase  has  also  been  found  among  those  who  quit  smoking  in  a 
number  of  longitudinal  survey  studies  (Bosse,  Garvey,  Costa  1980). 
This  increase  in  weight  has  been  attributed  to  increased  caloric 
intake  (Hatsukami  et  al.  1984;  Grunberg  1982;  Myrsten,  Elgerot, 
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Edgren  1977;  Burse  et  al.  1975;  Gilbert  and  Pope  1982;  Wack  and 
Rodin  1982),  decreased  basal  metabolism  (Glauser  et  al.  1970;  Wack 
and  Rodin  1982),  decreased  energy  expenditure  (Hofstetter  et  al. 
1986),  or  increased  activity  of  lipoprotein  lipase  (Carney  and 
Goldberg  1984)  (see  also  Chapter  VI). 

Several  studies  have  examined  the  effects  of  cigarette  deprivation 
and  administration  on  reaction  time  and  psychomotor  performance. 
These  are  reviewed  in  detail  in  Chapter  VI  and  are  only  briefly 
summarized  here.  Two  early  studies  each  found  considerable  across- 
subject  variability,  with  some  subjects  showing  distinct  deprivation- 
induced  performance  impairments  which  were  reversed  by  tobacco 
administration,  and  other  subjects  showing  impairments  under  the 
tobacco  administration  conditions  (Bates  1922;  Carver  1922).  Since 
the  studies  by  Bates  and  Carver,  investigators  have  developed 
increasingly  sophisticated,  methods  of  performance  assessment 
which  have  led  to  a  clearer  understanding  of  the  performance- 
related  effects  of  nicotine  administration  and  deprivation  (see  details 
in  Chapter  VI).  For  example,  Heimstra,  Bancroft,  and  DeKock  (1967) 
used  a  simulated  driving  task  and  found  that  deprived  smokers  made 
significjantly  more  errors  on  tracking  and  vigilance  tasks  than  did 
nondeprived  smokers  or  nonsmokers,  who  did  not  significantly  differ 
from  each  other.  Other  research  has  demonstrated  that  smokers  who 
were  allowed  to  smoke  cigarettes  during  the  experimental  session 
exhibited  either  no  decrease  or  an  improvement  in  speed  and 
accuracy  in  reaction  time,  cognitive  tests,  and/or  vigilance  perfor- 
mance tasks,  whereas  deprived  smokers  most  frequently  show  some 
impairment  in  performance  tasks  (Myrsten  et  al.  1972;  Franken- 
haeuser  et  al.  1971;  Elgerot  1978;  Kleinman,  Vaughn,  Christ  1973; 
Andersson  1975;  Wesnes  and  Warburton  1984;  Edwards  et  al.  1985; 
Snyder  and  Henningfield,  in  press;  Henningfield  1986a,  1987a). 

A  recent  study  using  a  computerized  battery  of  such  tasks  found 
clear  impairments  beginning  within  8  hr  of  the  last  cigarette  and 
improving  only  somewhat  across  10  consecutive  days  of  tobacco 
deprivation;  resumption  of  smoking  was  accompanied  by  complete 
restoration  of  performance  (Henningfield  1987a).  The  specificity  of 
these  performance  effects  of  nicotine  was  confirmed  by  the  findings 
that  administration  of  nicotine  in  the  polacrilex  gum  form  produced 
a  dose-related  reversal  of  all  performance  impairments  (Snyder  and 
Henningfield,  in  press;  Henningfield  1987a);  this  effect  was  not 
related  to  satisfaction  or  reduction  of  "craving"  because  the  gum 
produced  dose-related  decreases  in  "liking"  scores  and  produced  no 
reliable  decrease  in  "desire  to  smoke"  (Henningfield  1987a). 

Other  changes  occurring  in  tobacco-deprived  cigarette  smokers 
include  increases  in  aggression  scores  on  the  Buss  aggression 
machine  (Schechter  and  Rand  1974)  and  increases  in  frequency  of 
spontaneous  jaw  contractions  (a  putative  analog  of  aggression) 
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(Hutchinson  and  Emley  1973).  Analogously,  monkeys  withdrawn 
from  chronic  oral  nicotine  exposure  (nicotine  was  placed  in  their 
drinking  water)  exhibited  an  increase  in  frequency  of  post-shock 
biting  (Hutchinson  and  Emley  1973). 

The  magnitude  of  tobacco  withdrawal  is  related  to  the  environ- 
mental context  (see  Chapter  V  for  a  comparison  to  other  dependence- 
producing  drugs).  For  example,  Hatsukami,  Hughes,  and  Pickens 
(1985)  reported  that  smokers  who  were  deprived  of  cigarettes  on  an 
outpatient  basis  experienced  more  withdrawal  symptoms  than  those 
who  underwent  withdrawal  on  a  clinical  research  ward.  These 
findings  are  consistent  with  those  of  Suedfeld  and  Ikard  (1974),  who 
found  that  deprivation  of  normal  sensory  stimulation  reduced 
tobacco  abstinence-associated  discomfort.  It  has  also  been  observed 
that  the  diurnal  variation  of  withdrawal  discomfort  found  among 
abstinent  smokers  (greater  discomfort  in  the  evenings)  appears  to  be 
associated  with  diurnal  variation  in  the  social  environment  (e.g-^ 
meals,  departure  from  work,  or  social  contact)  (Shiffman  1979). 

Time  Course  of  Responses  to  Nicotine  Abstinence 

Drug  withdrawal  syndromes  generally  include  some  signs  and 
symptoms  which  are  opposite  thc^  produced  by  administration  of 
the  drug  and  which  then  return  to  approximately  the  same  values 
observed  when  drug  intake  was  stable  (rebound  phenomena).  The 
time  course  of  different  responses  varies  (Chapter  V).  The  most 
recent  studies  show  that  several  signs  and  symptoms  of  withdrawal 
appear  to  rebound  within  the  first  few  days  following  cigarette 
abstinence;  these  s^s  and  symptoms  include  increases  in  the  urge 
to  use  tobacco,  anxiety,  problems  with  concentration,  increased 
caloric  intake,  sleep  disturbance,  performance  impairment,  and 
general  subjective  distress  (Hatsukami  et  al.  1984;  Hughes  and 
Hatsukami  1986;  Schneider  and  Jarvik  1984;  Cummings  et  al.  1985; 
Henningfield  1987a).  Heart  rate  has  been  found  to  decrease  to  levels 
found  among  nonsmokers  (Weybrew  and  Stark  1967)  and  may 
include  some  rebound,  returning  to  stable  levels  between  those 
maintained  during  normal  cigarette  smoking  and  those  recorded 
during  the  first  week  of  abstinence  (Henningfield  1987a).  The  P300 
response,  a  cognitive  evoked  potential  component  which  is  related  to 
the  ability  to  evaluate  auditory  stimuli  (i.e.,  differentiate  one  sound 
from  another  by  counting  only  certain  sounds),  showed  a  rebound 
(decrease  in  amplitude),  with  values  returning  to  preabstinence 
(cigarette  smoking)  levels  after  about  3  to  5  days  (Herning  1987). 
West,  Russel,  Jarvis,  Pizzey,  and  Kadam  (1984)  reported  that  urinary 
epinephrine  concentrations  rebounded  with  a  significant  decrease 
during  the  first  3  days  of  abstinence  followed  by  a  significant 
increase.  Finally,  in  the  squirrel  monkey  study  of  nicotine  absti- 
nence-associated biting,  Hutchinson  and  Emley  (1973)  found  a 
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distinct  rebound  pattern  in  some  subjects  with  biting  levels  sharply 
increasing  and  then  returning  to  the  levels  observed  during  chronic 
oral  nicotine  administration. 

Other  signs  and  symptoms  associated  with  tobacco  abstinence  do 
not  return  to  levels  observed  during  cigarette  smoking.  For  example, 
weight  gain  has  persisted  for  long  periods  of  time  (Blitzer,  Rimm, 
Giefer  1977)  and  has  also  been  reported  to  approach  levels  of 
nonsmokers  (Khosla  and  Lowe  1971;  Lincoln  1969;  Chapter  VI).  In 
addition,  some  levels  of  performance  impairment  and  associated 
reduction  of  a  cognitive  evoked  cortical  potential  (NlOO),  which  is 
related  to  attention,  persist  at  least  10  days  and  may  last  longer 
(Henningfield  1987a;  Herning  1987). 

As  the  preceding  studies  suggest,  the  duration  of  withdrawal 
reactions  varies  among  studies  and  as  a  function  of  the  measure 
(Shiffman  1979;  West  1984).  Urges  to  smoke  cigarettes  among  ex- 
smokers  have  been  reported  to  occur  intermittently,  although 
sometimes  with  great  intensity,  for  up  to  9  years  after  cessation  of 
cigarette  smoking.  These  reported  symptoms  may  represent  condi- 
tioned responses  to  environmental  stimuli  associated  with  either 
cigarette  smoking  or  deprivation,  may  represent  a  protracted 
physiological  phase  of  withdrawal,  or  both  (e.g..  Wilder  1965; 
Jasinski  1981;  Chapter  V). 

Alleviation  of  Withdrawal  Symptoms  by  Cigarette  Smoking 

Several  studies  have  demonstrated  that  the  signs  and  s3rmptonis 
resulting  from  cigarette  deprivation  are  alleviated  by  the  resump- 
tion of  cigarette  smoking.  These  signs  and  symptoms  include  heart 
rate  (Murphee  and  Schultz  1968;  Weybrew  and  Stark  1967;  Henning- 
field 1987a),  blood  pressure  (Murphee  and  Schultz  1968),  skin 
temperature  (M3nrsten,  Elgerot,  Edgren  1977),  epinephrine  and 
norepinephrine  levels  (M3rrsten,  Elgerot,  Edgren  1977),  EEG  changes 
(Ulett  and  Itil  1969;  Herning  1987),  weight  (Noppa  and  Bengtsson 
1986),  desire  for  food  (Burse  et  al.  1975),  hand  tremor  (Myrsten, 
Elgerot,  Edgren  1977),  desire  to  smoke  (Gritz  and  Jarvik  1973),  and 
fatigue,  irritation,  sleeplessness,  probleins  with  alertness  and  con- 
centration (Weybrew  and  Stark  1967),  and  performance  (Henning- 
field 1987a). 

Hughes,  Hatsukami,  Pickens,  and  Svikis  (1984)  examined  the 
consistency  of  tobacco  withdrawal  signs  and  symptoms  using  an 
experimental  design  in  which  periods  of  cigarette  smoking  and 
abstinence  were  alternated  in  the  same  subjects.  This  study  demon- 
strated both  the  consistency  of  the  withdrawal  symptomology  within 
subjects  as  well  as  the  efficacy  of  resumed  smoking  in  reversing  it. 
The  most  consistent  withdrawal  effects  across  subjects  were  supine 
heart  rate  changes,  insomnia,  caloric  intake,  irritability,  rest- 
lessness, drowsiness,  general  mood  disturbance  (measured  by  the 
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Profile  of  Mood  States),  and  withdrawal  discomfort.  Furthermore, 
the  intensities  of  the  withdrawal  discomfort  of  subjects  during  the 
two  deprivation  periods  were  similar.  Similarly,  a  study  at  the 
Addiction  Research  Center  (Baltimore,  Maryland)  showed  that 
resumption  of  cigarette  smoking  after  10  days  of  tobacco  abstinence 
was  accompanied  by  a  return  to  preabstinence  levels  of  all  measures 
including  EEG,  evoked  cortical  electrical  potentials,  heart  rate, 
behavioral  performance,  and  measures  of  mood  (Henningfield  1987a; 
Herning  1987). 

Relationship  Betvireen  Preabstinence  Nicotine  Intake  and 
Magnitude  of  Withdrawal  Syndrome 

The  observation  that  the  magnitude  of  tobacco  withdrawal  reac- 
tions is  directly  related  to  preabstinence  levels  of  nicotine  intake 
provides  specific  evidence  that  nicotine  is  the  pharmacologic  cause  of 
the  physical  dependence.  The  clinical  significance  of  these  relation- 
ships is  that  both  the  magnitude  of  the  tobacco  withdrawal  syndrome 
and  difficulty  in  quitting  smoking  are  directly  related  to  the  daily 
levels  of  nicotine  that  were  being  ingested.  The  relationship  has  not 
always  been  observed,  however,  when  only  crude  indices  of  nicotine 
deling  were  used.  For  example,  correlations  between  number  of 
cigarettes  smoked  per  day  (a  poor  marker  of  nicotine  intake) 
(Benowitz  1983;  Abrams  et  al.  1987;  Chapter  11)  and  withdrawal 
reaction  severity  are  mixed  across  studies.  Some  investigators  have 
observed  a  positive  correlation  between  the  number  of  cigarettes 
smoked  per  day  and  withdrawal  severity  (Wynder,  Kaufman,  Lesser 
1967;  Shiffman  1979;  Burns  1969;  Hall,  Ginsburg,  Jones  1986). 
Others  have  reported  no  differences  in  severity  of  craving  or  other 
measures  of  withdrawal  between  light  and  heavy  smokers  or  as  a 
function  of  number  of  cigarettes  smoked  (Gritz  and  Jarvik  1973; 
Shiffman  and  Jarvik  1976;  Myrsten,  Elgerot,  Edgren  1977;  Mausner 
1970).  Cummings  and  coworkers  (1985)  reported  that  although  heavy 
smokers  reported  more  withdrawal  symptoms  than  light  smokers, 
differences  between  heavy  and  light  smokers  were  statistically 
significant  only  with  respect  to  irritability. 

The  most  reliable  measure  of  day-to-day  nicotine  exposure  appears 
to  be  cotinine  in  biological  specimens  or  nicotine  itself  (Benowitz 
1983;  Chapter  II).  Recent  studies  using  such  measures  have  found 
significant  relationships  between  either  nicotine  or  cotinine  levels 
and  severity  of  withdrawal  reactions.  Pomerleau,  Fertig,  and  Shan- 
han  (1983)  divided  subjects  by  their  baseline  plasma  cotinine  levels 
(high  or  low  quartiles).  They  found  that  subjects  in  the  low-cotinine 
quartile  exhibited  less  withdrawal  change  on  the  Shiffman  Craving 
and  Perception  of  Phsrsical  Signs  subscales  compared  with  subjects  in 
the  high-cotinine  quartile.  They  also  found  a  significant  correlation 
between  preabstinence  baseline  plasma  cotinine  levels  and  absti- 
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nence-associated  craving  for  cigarettes.  Hatsukami,  Hughes,  and 
Pickens  (1985)  established  a  similar  significant'  correlation  between 
craving  for  tobacco  and  plasma  nicotine  level,  as  well  as  nicotine 
boost.  Zeidenberg  and  associates  (1977)  found  that  preabstinence 
serum  cotinine  was  correlated  significantly  with  the  degree  of 
difficulty  in  smoking  cessation  among  males  but  not  females. 
Finally,  West  and  Russell  (1985b)  determined  that  whereas  preabsti- 
nence plasma  nicotine  levels  significantly  predicted  craving,  hunger, 
restlessness,  inability  to  concentrate,  and  overall  withdrawal  severi- 
ty, preabstinence  rates  of  daily  cigarette  consumption  did  not 
significantly  predict  any  withdrawal  effects. 

Smokeless  Tobacco  Withdrawal  Syndrome 

A  study  of  withdrawal  reactions  accompanying  abstinence  from 
smokeless  tobacco  products  helped  to  determine  that  the  syndrome 
did  not  require  inhalation  of  smoke  and  its  constituents,  which  are 
not  present  in  smokeless  tobacco  (e.g.,  tar  and  CO.).  This  study 
showed  that  signs  and  symptoms  of  smokeless  tobacco  deprivation 
are  similar  to  those  occurring  in  smokers  after  cigarette  deprivation 
(Hatsukami,  Gust,  Keenan  1987).  In  persons  who  had  been  using  a 
high  nicotine  containing  brand  of  chewing  tobacco,  Hatsukami,  Gust, 
and  Keenan  (1987)  measured  a  number  of  potential  withdrawal  signs 
and  symptoms  over  a  6-day  period.  Baseline  data  were  collected 
during  3  days  of  regular  smokeless  tobaco  use.  The  significant 
changes  which  occurred  during  smokeless  tobacco  deprivation  rela- 
tive to  the  baseline  included  decreased  heart  rate  and  an  increase  in 
craving  for  tobacco,  confusion,  eating,  number  of  awakenings,  and 
total  scores  on  a  withdrawal  symptom  checklist  for  both  self-rated 
and  observer-rated  measures.  These  changes  were  similar  to  those 
found  among  cigarette  smokers  who  underwent  a  similar  experimen- 
tal protocol,  although  the  smokeless  tobacco  withdrawal  syndrome 
appeared  to  be  less  severe  than  the  cigarette  withdrawal  syndrome 
(Hatsukami,  Gust,  Keenan  1987). 

Nicotine  Polacrilex  Gum:  Treatment  and  Physical 
Dependence 

Nicotine  polacrilex  gum  has  been  used  to  evaluate  the  specific  role 
of  nicotine  in  tobacco  dependence.  Experimental  research  and 
clinical  observations  of  the  ability  of  nicotine  in  the  polacrilex  gum 
form  to  alleviate  tobacco  withdrawal  symptomatology  provide  con- 
clusive evidence  that  the  tobacco  withdrawal  syndrome  is  pharmaco- 
logically determined  by  physical  dependence  on  nicotine.  To  the 
extent  that  the  tobacco  withdrawal  phenomena  described  above  are 
specific  to  nicotine  and  not  characteristic  of  the  delivery  system  (e.g., 
cigarette  smoke),  alternate  forms  of  nicotine  delivery  should  be  able 
to  sustain  the  physical  dependence.  This  would  be  evidenced  by  (1) 
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blockade  of  signs  and  sjrmptoms  of  withdrawal  by  nicotine  delivery 
and  (2)  suteequent  emergence  of  a  tobacco  withdrawal-like  syndrome 
upon  abrupt  abstinence  from  nontobacco-delivered  nicotine. 

Treatment  of  Withdrawal  Symptoms 

Clinical  trials  and  experimental  studies  in  which  nicotine  polacri- 
lex  gum  is  evaluated  as  a  means  to  alleviate  signs  and  symptoms  of 
tobacco  withdrawal  are  of  relevance  to  the  treatment  of  tobacco 
dependence  (Chapter  VII).  In  addition,  however,  such  data  are 
analogous  to  data  from  the  classic  "substitution"  study  methodology 
used  to  help  determine  the  pharmacologic  specificity  of  withdrawal 
reactions  following  use  of  opioids,  sedatives,  and  alcohol  (described  in 
Chapter  V).  In  brief,  however,  the  objective  is  to  determine  if  the 
withdrawal  reaction  from  the  primary  substance  upon  which  the 
person  is  dependent  can  be  alleviated  by  administration  of  a  test 
drug. 

Several  studies  have  examined  the  effects  of  nicotine  polacrilex 
gum  on  tobacco  withdrawal  (Jarvis  et  al,  1982;  Schneider,  Jarvik, 
Forsythe  1984;  West,  Jarvis  et  al.  1984;  Hughes,  Hatsukami, 
Pickens,  Krahn  et  al.  1984;  Snyder  and  Henningfield,  in  press; 
Henningfield  1987a).  These  studies  have  examined  two  groups  of 
cigarette  smokers  who  were  assigned  in  a  double-blind  fashion  (with 
the  exception  of  West,  Jarvis,  and  colleagues  (1984),  who  used  a 
single-blind  design)  to  receive  2-mg  polacrilex  gum  or  placebo.  The 
duration  of  cigarette  deprivation  during  which  the  polacrilex  gum 
(or  placebo)  was  used  varied  from  24  hr  to  6  weeks.  In  general,  the 
results  consistently  showed  an  attenuation  of  withdrawal  signs  and 
symptoms.  For  example,  nicotine  polacrilex  gum  significantly  re- 
duced irritability  (Jarvis  et  al.  1982;  Hughes,  Hatsukami,  Pickens, 
Krahn  et  al.  1984;  West,  Jarvis  et  al.  1984),  total  withdrawal 
discomfort  (Schneider,  Jarvik,  Fors3i;he  1984;  Hughes,  Hatsukami, 
Pickens,  Krahn  et  al.  1984),  somatic  complaints  (Hughes,  Hatsuka- 
mi, Pickens,  Krahn  et  al.  1984),  sleepiness  (Jarvis  et  al.  1982), 
unsociability  (West,  Jarvis  et  al.  1984),  cognitive  performance 
deficits  (Snyder  and  Henningfield,  in  press;  Henningfield  1987a), 
heart  rate  decreases  (Schneider,  Jarvik,  Forsythe  1984;  West,  Jarvis 
et  al.  1984;  Henningfield  1987a),  and  EEG  effects  including  changes 
in  cortical  evoked  potentials  (Heming  1987;  Pickworth,  Herning, 
Henningfield,  1988). 

Other  measures  were  less  reliably  alleviated;  these  included 
depression  (Jarvis  et  al.  1982;  West,  Jarvis  et  al.  1984),  anxie- 
ty/tension (Jarvis  et  al.  1982;  Hughes,  Hatsukami,  Pickens,  Krahn  et 
al.  1984),  difficulty  concentrating  (Hughes,  Hatsukami,  Pickens, 
Krahn  et  al.  1984;  West,  Jarvis  et  al.  1984),  and  restlessness  (Hughes, 
Hatsukami,  Pickens,  Krahn  et  al.  1984;  West,  Jarvis  et  al.  1984).  The 
urge  to  smoke  cigarettes  has  not  been  found  to  be  reliably  alleviated 
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by  nicotine  polacrilex  gum  administration  (West  and  Schneider 
1987;  West  1984;  Henningfield  1987a;  Hughes,  Hatsukami,  Pickens, 
Svikis  1984)  except  possibly  at  high  dose  levels  (Nemeth-Coslett, 
Henningfield,  O'Keefe,  Griffiths  1987).  Interpretation  of  such  data  is 
complicated  by  the  diverse  strategies  used  to  measure  the  urge  to 
smoke  or  "craving"  as  discussed  further  in  this  Section. 

Of  these  studies,  two  showed  nonsignificant  effects  of  nicotine 
polacrilex  gum  on  hunger  (Hughes,  Hatsukami,  Pickens,  Krahn  et 
al.  1984;  West,  Jarvis  et  al.  1984)  and  one  showed  significant  effects 
in  decreasing  hunger  (Jarvis  et  al.  1982).  More  recent  research  shows 
that  the  anorectic  effect  of  nicotine  polacrilex  gum  during  tobacco 
abstinence  is  directly  related  to  the  dose  level  (i.e.,  number  of  doses 
taken  per  day)  (Stitzer  and  Gross  1988;  Fagerstrom  1987;  (Siapter 
VI).  The  dose-response  relationship  may  explain  the  diversity  in 
results  when  studies  are  compared;  in  some  of  these  studies,  dosing 
was  either  poorly  controlled  or  not  reported,  or  there  was  no 
verification  of  subject  compliance  with  a  dose  regimen. 

As  would  be  expected,  depending  on  the  dose  administered,  the 
efficacy  of  nicotine  polacrilex  gum  for  most  measures  of  withdrawal 
S5nnptomology  ranges  from  complete  reversal  of  withdrawal  to  no 
effect.  In  a  study  in  which  periods  of  tobacco  abstinence  (3  days)  were 
alternated  with  periods  of  cigarette  smoking  (4  days),  subjects  were 
given  either  0-,  2-,  or  4-mg-nicotine-containing  pieces  of  the  polacri- 
lex gum  (Henningfield  1987a).  The  subjects  were  given  the  polacrilex 
gum  at  1-hr  intervals  (for  12  hr),  and  they  chewed  imder  the 
direction  of  research  staff.  Blood  nicotine  and  cotinine  levels 
confirmed  that  this  procedure  resulted  in  dose-related  nicotine 
administration;  plasma  cotinine  and  nicotine  levels  at  4  mg  were 
similar  to  those  obtained  during  cigarette  smoking  (ad  libitum 
smoking);  plasma  levels  at  2  mg  were  between  those  at  4  and  0  mg. 
Measures  included  cognitive  performance,  heart  rate,  EEG,  and  self- 
reported  symptomology.  At  4  mg,  all  signs  and  symptoms  of 
withdrawal  were  reduced  or  completely  reversed  except  the  desire  to 
smoke.  The  2-mg  dose  produced  partial  reversal  of  withdriawal 
effects. 

Maintenance  of  Physical  Dependence 

Two  studies  have  examined  withdrawal  effects  after  deprivation  of 
nicotine  polacrilex  gum.  West  and  Russell  (1985a)  conducted  a  study 
in  which  they  examined  withdrawal  symptoms  in  six  people  who 
used  nicotine  polacrilex  gum  for  at  least  1  year.  Baseline  measures  of 
possible  withdrawal  effects  were  collected  during  days  that  the 
subjects  were  chewing  2-mg  pieces  of  nicotine  polacrilex  gum.  These 
days  were  the  first  and  third  days  of  a  4-day  experiment.  On  the 
second  and  fourth  days,  subjects  were  given  either  0.5  mg  unbuffered 
polacrilex  gum  (nicotine  absorption  is  negligible  in  the  unbuffered 
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formulation)  to  chew  or  no  polacrilex  gum.  West  and  Russell  (1985a) 
found  significant  changes  for  measures  of  withdrawal  sjmiptomology 
including  irritability,  ability  to  concentrate,  and  heart  rate  and  for 
composite  subjective  -vdthdrawal  scores.  Withdrawal  reaction  magni- 
tude was  slightly,  but  not  significantly,  less  in  the  unbuffered  gum 
than  in  the  no  gum  condition. 

Hughes,  Hatsukami,  and  Skoog  (1986)  extended  the  findings  of 
West  and  Russell  (1985a)  with  a  longer  period  of  observation  (1  week) 
and  a  double-blind,  placebo-controlled  design.  In  the  study  by 
Hughes,  Hatsukami,  and  Skoog  (1986),  eight  former  smokers  who 
had  been  using  nicotine  polacrilex  gum  for  at  least  1  month 
participated.  The  main  finding  was  that  when  the  maintenance  dose 
levels  (2-mg  polacrilex  gum)  were  replaced  with  placebo,  reliable 
symptoms  of  withdrawal  were  produced.  The  effects  included 
"craving"  for  tobacco,  irritability/hostility,  anxiety,  depression, 
restlessness,  impatience,  difficulty  concentrating,  hunger,  and  total 
withdrawal  discomfort;  reports  from  observers  verified  several  of  the 
effects  (i.e.,  observer  estimates  of  irritability,  anxiety,  restlessness, 
impatience,  and  total  withdrawal  discomfort).  The  scales  used  to 
measure  withdrawal  discomfort  in  the  study  by  Hughes  and  col- 
leagues were  similar  to  those  used  in  a  previous  study  of  cigarette 
withdrawal  conducted  by  the  same  investigators  (Hughes  and 
Hatsukami  1986),  thus  enabling  an  across-study  comparison  between 
abstinence  from  cigarettes  and  abstinence  from  nicotine  in  the 
polacrilex  gum  form.  Intensities  and  numbers  of  withdrawal  symp- 
toms, except  heart  rate  and  insomnia,  were  similar. 

Taken  together,  the  results  of  the  above-described  studies  with 
nicotine  polacrilex  gum  have  helped  to  confirm  that  tobacco 
withdrawal  is  pharmacologically  caused  by  physical  dependence  on 
nicotine.  Furthermore,  the  results  of  such  work  are  of  clinical 
significance  because  they  indicate  that  much  of  tobacco  withdrawal 
sjnnptomology  can  be  treated  with  nicotine  polacrilex  gum.  Two 
studies  show  that  nicotine  polacrilex  gum  can  maintain  physical 
dependence;  this  emphasizes  the  importance  of  gradually  giving  up 
use  of  the  gum  to  minimize  the  abruptness  and  severity  of 
withdrawal  symptoms  (see  Chapter  VII). 

Tobacco  Craving 

The  measurement  of  self-reported  craving  for  tobacco  and  inter- 
pretation of  resulting  data  are  among  the  more  complicated  issues  in 
tobacco  research.  Findings  discussed  in  this  Chapter  that  nicotine 
polacrilex  gum  administration  can  suppress  cigarette  smoking  and 
alleviate  physical  signs  of  tobacco  withdrawal  while  having  little 
effect  on  the  ui^e  to  smoke  indicate  that  such  urges  are  not  solely 
determined  by  nicotine  deprivation.  Similar  observations  regarding 
urges  to  use  other  dependence-producing  drugs  are  discussed  in 
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Chapter  V  (see  also  Childress  et  al.,  in  press).  The  elicitation  and 
alleviation  of  the  urgie  to  use  tobacco,  as  for  other  dependence- 
producing  substances,  can  be  effected  by  a  variety  of  pharmacologic 
and  other  environmental  stimuli  as  well  as  changes  in  the  physiolog- 
ical and/or  behavioral  state  of  the  person  (Chapter  V). 

Conclusions  regarding  the  measurement  and  treatment  of  urges  to 
use  drugs  are  complicated  because  the  questions  about  urges  have 
been  worded  differently  among  studies.  For  example,  subjects  are 
somtimes  asked  to  report  their  "craving."  Unfortunately,  subjects 
vary  widely  in  their  interpretations  of  the  word  "craving"  and  in 
their  answers  to  questions  about  it  (Kozlowski  and  Wilkinson  1987; 
Ludwig  and  Stark  1974).  In  addition,  results  concerning  "craving" 
are  sometimes  discussed  when  the  word  was  not  even  used  in  study 
questionnaires,  and  sometimes  craving  was  inferred  from  other 
observations  (e.g.,  self-reported  discomfort  or  drug  abstinence)  (Koz- 
lowski and  Wilkinson  1987).  These  and  other  problematic  issues 
have  been  discussed  in  several  recent  papers  (Kozlowski  and 
Wilkinson  1987;  Shiffman  1987;  West  1987;  Hughes  1987;  Marlatt 
1987;  Stockwell  1987;  Henningfield  1987b;  Henningfield  and  Brown 
1987;  West  and  Schneider  1987).  One  consensus  that  seems  to 
emerge  is  that  the  term  "craving"  be  replaced  with  "urge"  or 
"desire"  to  smoke,  and  that  subjects  be  asked  to  report  the 
"strength"  of  such  responses  and  not  simply  whether  or  not  the 
response  occurred  (Kozlowski  and  Wilkinson  1987;  Henningfield 
1987b). 

In  consideration  of  the  above  reports  and  commentaries  and  the 
data  reviewed  in  the  present  Chapter,  the  following  conclusions  may 
be  drawn  regarding  the  urge  to  smoke.  Many  means  of  measuring 
urges  are  reliably  associated  with  early  abstinence  from  tobacco; 
however,  urges  can  also  be  elicited  by  a  variety  of  other  stimuli 
including  cigarette  smoking  itself,  tobacco-associated  stimuli  (e.g., 
sight,  smell,  advertisements),  consumption  of  other  psychoactive 
drugs,  food  deprivation,  and  mood  changes.  Furthermore,  although 
urges  are  reliably  associated  with  tobacco  abstinence,  the  levels  to 
which  plasma  nicotine  must  fall  to  produce  it  are  unclear;  for 
example.  West,  Russell,  Jarvis,  and  Feyerbend  (1984)  found  that 
smokers  who  switched  to  a  low-nicotine  cigarette  reported  only  slight 
craving  for  their  usual  brand  in  spite  of  a  drop  in  nicotine  intake  of 
around  60  percent.  In  addition,  as  discussed  earlier,  some  sensory 
stimuli  are  effective  at  eliciting  urges,  whereas  other  sensory  cues 
accompan3dng  the  inhalation  of  cigarette  smoke  may  be  effective  at 
diminishing  such  urges  (Rose  et  al.  1985).  Chapter  V  provides  a 
discussion  of  these  issues  in  the  context  of  analogous  observations 
which  have  been  made  with  other  dependence-producing  drugs  and 
Chapter  VII  discusses  the  implications  for  replacement  therapy  used 
in  treating  tobacco  dependence. 
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Alternate  Nicotine  Delivery  Systems 

Certain  effects  of  nicotine  depend  little  upon  the  specific  type  of 
delivery  system  that  is  used  (see  also  Chapters,  II,  III,  and  VI).  For 
instance,  it  appears  likely  that  all  forms  of  nicotine  delivery 
resulting  in  systemic  absorption  are  capable  of  producing  tolerance 
and  maintaining  physical  dependence  (see  also  Chapter  II).  Similar- 
ly, it  follows  that  a  variety  of  nicotine  delivery  systems  have 
potential  utility  in  the  treatment  of  cigarette  smoking  by  the 
alleviation  of  withdrawal  symptoms.  However,  the  safety,  including 
the  potential  to  produce  dependence,  may  vary  considerably  as  a 
function  of  characteristics  of  the  nicotine  delivery  system  itself. 

Kinds  of  Nicotine  Delivery  Systems 

Because  nicotine  is  well  absorbed  through  the  common  routes  of 
drug  delivery  and  because  the  commonly  used  tobacco  vehicle  is  not 
necessary  to  efficaciously  deliver  nicotine,  nicotine  can  potentially 
be  placed  in  a  variety  of  vehicles  and  administered  via  a  variety  of 
delivery  systems  (Chapter  II;  Benowitz  1986;  Jarvik  and  Henning- 
field,  1988).  The  nicotine  delivery  systems  thus  far  discussed  in  this 
Chapter  are  tobacco  smoke,  nicotine  polacrilex  gum,  i.v.  nicotine, 
transdermal  nicotine,  and  a  nicotine  vapor  inhaler.  Other  potential 
therapeutic  nicotine  delivering  systems  under  development  include  a 
nasal  spray  (Perkins  et  al.  1986)  and  nasal  nicotine  solutions  given  in 
droplet  form  (Russell,  Jarvis,  Feyerabend,  Ferno  1983),  both  of  which 
have  been  discussed  by  Russell  (1988).  Two  other  nicotine  delivery 
systems  are  a  chewable  food  product  (Tobacco  International  1987) 
and  a  "toothpaste"  formulation  which  contains  ground  tobacco. 
Other  nicotine  delivering  systems  (in  which  the  tobacco  may  be 
incidental  and  not  necessary  for  nicotine  delivery)  are  under 
development  or  consideration  for  over-the-counter  retail  marketing 
(R.J.  Re3niolds  "Smokeless  Cigarette"  European  Patent  Application 
1985,  1986;  Cleghorn  1987;  Mintz  1987). 

As  noted  earlier,  the  nicotine  vapor  inhaler  was  removed  from  the 
retail  market  in  February  of  1987  by  the  FDA  because  it  was  a 
"nicotine  delivery  system  intended  to  satisfy  nicotine  dependence" 
which  had  not  been  tested  for  safety  and  efficacy  (Slade  and  Connolly 
1987).  At  least  through  the  end  of  1987,  the  toothpaste-like  formula- 
tion was  available  as  an  over-the-counter  product  but  was  under 
review  by  the  FDA  (FDA  letter  to  Congressman  Waxman);  this 
formulation  is  distributed  in  Indian  food  stores.  The  chewable 
nicotine  delivering  product  marketed  by  Pinkerton  Inc.  was  test- 
marketed  as  a  "tobacco  product"  for  approximately  6  months  during 
1987.  The  FDA  removed  it  from  the  market  ruling  that  it  was  a  "food 
product"  ["chewing  gum"]  which  was  "unlike  traditional  smokeless 
tobacco  products,"  and  contained  a  "food  additive  [tobacco]  deemed 
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unsafe"  for  human  consumption  (FDA  letter  to  Congressman 
Waxman). 

Safety  of  Alternate  Nicotine  Delivery  Systems 

Alternate  nicotine  delivery  systems  may  be  evaluated  with  respect 
to  at  least  three  categories  of  safety  issues.  These  are:  (1)  short-  and 
long-term  toxic  effects  resulting  from  use  of  the  system;  (2)  the  ease 
and  convenience  of  using  the  system;  and  (3)  the  dependence  po- 
tential of  the  system.  All  of  these  factors  can  affect  initiation  iand 
maintenance  of  nicotine  dependence. 

The  first  safety  issue  is  related  to  the  direct  behavioral  and 
physiological  toxicity  of  the  preparation  itself.  In  the  moderate 
nicotine  doses  that  each  of  these  and  previously  marketed  systems 
deliver,  acute  nicotine  toxicity  would  not  appear  to  be  a  significant 
health  risk.  However,  adverse  health  effects  from  chronic  exposure 
to  nicotine  may  occur  (see  Appendix  B),  and  other  potentially 
absorbed  constituents  of  the  system  (e.g.,  tar)  are  markedly  toxic. 

Existing  nicotine  delivery  systems  vary  widely  in  their  potential 
overall  toxicity.  One  product  was  found  to  meet  FDA  criteria  for 
safety  as  well  as  efficacy  (i.e.,  nicotine  polacrilex  gum).  On  the  other 
hand,  cigarette  smoking  is  a  cause  of  lung  cancer  and  other  cancers, 
emphysema,  heart  disease,  and  a  variety  of  other  diseases;  smokeless 
tobacco  use  causes  oral  cancer  and  other  forms  of  gum  and  mouth 
disease  (US  DHEW  1979;  US  DHHS  1982,  1983,  1984;  US  DHHS 
1986b). 

Traditional  tobacco  products  have  historically  been  considered  by 
the  FDA  to  be  outside  its  regulatory  purview  (Action  on  Smoking 
and  Health  vs.  Harris  1980).  New  products,  which  contain  either 
small  amounts  of  tobacco  (e.g.,  tobacco-containing  food  products)  or 
which  appear  to  contain  possibly  nonessential  amounts  of  tobacco 
(e.g.,  possibly  the  case  with  the  R.J.  Reynolds  smokeless  cigarette 
(European  Patent  Application  1985,  1986))  and  which  are  not 
regarded  as  traditional  tobacco  products,  may  not  be  exempt  from 
such  review. 

The  second  safety  issue  is  the  potential  for  the  product  to  actually 
sustain  tobacco  use  by  alternating  use  of  the  substitute  with  use  of 
the  traditional  tobacco  product.  This  is  analogous  to  the  nonmedical- 
ly  approved  use  of  methadone  by  opioid-dependent  individuals  when 
their  drug  of  choice  (e.g.,  heroin)  is  not  available,  and  they  are  not 
involved  in  treatment  for  opioid  dependence.  The  use  of  non-tobacco 
nicotine  products  to  sustain  tobacco  use  is,  similarly,  medically 
contraindicated  and  hence  a  form  of  nicotine  abuse  (Slade  1986; 
Richards  1987).  While  any  alternative  nicotine  delivery  system  can 
theoretically  be  used  for  this  purpose,  two  commercial  products  (the 
chewable  nicotine-delivering  "food"  product  and  the  nicotine  vapor 
inhaler)  were  marketed  specifically  as  temporary  substitutes  for 
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cigarettes  when  it  was  inconvenient  to  smoke  (Bosy  1986;  Tobacco 
International  1987).  In  contrast,  the  instructions  for  use  of  nicotine 
polacrilex  gum  clearly  specify  that  this  preparation  should  not  be 
used  along  with  cigarettes  (Physicians'  Desk  Reference  1988).  In 
addition  to  product  design  and  formulation,  factors  such  as  labeling, 
packaging,  marketing,  retail  distribution,  and  regulatory  oversight 
might  influence  the  degree  to  which  any  particular  preparation  is 
associated  with  an  individual's  continued  use  of  the  nicotine  delivery 
system. 

The  third  potential  safety  concern  is  related  to  the  dependence 
potential  of  the  system.  As  shown  in  Chapter  V,  the  potential  of  a 
drug  to  addict  users  is  associated  with  its  effects  on  mood,  feeling, 
and  behavior;  such  effects  are  related  to  the  bioavailability  of  the 
drug.  Systems  with  a  controlled  rate  of  bioavailability  or  a  lesser  rate 
of  absorption  than  is  obtained  from  conventional  tobacco  products 
may  have  a  lesser  dependence  potential  than  tobacco  products. 
Other  factors  related  to  availability  of  the  preparation  and  cost  (both 
economic  and  behavioral)  may  also  affect  the  likelihood  that 
dependence  will  develop  in  users.  For  example,  nicotine  polacrilex 
gum  is  available  by  prescription  only,  and  use  of  the  gum  is 
recommended  as  a  temporary  treatment  aid.  Active  chewing  is 
required  to  extract  the  nicotine,  and  swallowing  the  nicotine  too 
quickly  reduces  the  amount  absorbed.  These  factors  appear  relevant 
to  the  observation  that  less  than  10  percent  of  all  subjects  entering 
smoking  treatment  trials  continue  to  use  nicotine  polacrilex  gum 
after  1  year  (Tonnesen  et  al.  1988;  Jarvis  et  al.  1982).  Among  people 
who  have  used  the  polacrilex  gum  to  quit  smoking  and  who  have 
maintained  their  tobacco  abstinence  for  1  year  or  more,  a  higher 
percentage  of  polacrilex  gum  use  has  been  reported  (13  to  38 
percent);  however,  it  is  not  clear  to  what  dfegree  such  use  may  be 
necessary  for  some  people  to  avoid  relapse  to  tobacco  use  (see  further 
discussion  of  these  issues  in  Hughes  1988;  Jasinski  and  Henningfield 
1988;  Hall  et  al.  1985;  Tonnesen  et  al.  1988;  Chapter  VII).  In  contrast 
to  nicotine  polacrilex  gum,  smokeless  tobacco  products  (particularly 
one  in  which  finely  ground  snu^  is  placed  in  a  small  tea  bag-like 
pouch)  readily  lend  themselves  to  initiating  as  well  as  to  maintaining 
nicotine  dependence  (US  DHHS  1986b). 

Table  6  compares  nicotine  polacrilex  gum  and  cigarettes  on  a 
number  of  dimensions,  most  of  which  have  been  reviewed  in  either 
Chapters  II,  V,  or  VII.  As  shown  in  the  Table,  there  is  considerable 
disparity  between  these  two  delivery  systems:  the  polacrilex  gum 
provides  a  generally  safe  and  medically  beneficial  form  of  nicotine 
delivery;  cigarettes  are  a  known  cause  of  substantial  amounts  of 
death  and  disease  each  year  (Chapter  I;  US  DHEW  1979;  US  DHHS 
1981,  1982,  1983,  1984,  1985).  Such  a  disparity  in  potential  safety 
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TABLE  6. — Comparison  of  tobacco  cigarettes  and  nicotine 
polacrilex  gum  on  indices  related  to  safety, 
including  potential  to  cause  dependence 


Characteristic 

Tobacco  cigarettes 

Nicotine  polacrilex  gum 

Proven  carcinogen 

Yes 

No 

Availability 

Widely  available  consumer 
product,  including  vending 
machine  availability 

Prescription  only 

Taste 

Carefully  formulated  with 
flavor  enhancers 

Not  formulated  to  provide 
desirable  taste 

Ease  of  nicotine  extraction 

Readily  available  with  little 

effort 

Much  effort  required 

Nicotine  kinetics 

Rapid  uptake 

Slow  uptake 

Initiation  of  dependence 

Highly  effective 

No  reported  problem 

Psychoactivity 

Dose-related  "liking" 

Dose-related  "disliking" 

Reinforcing  effects 

Powerful 

Weak 

Withdrawal  symptoms 
associated  with  abstinence 

Yes 

Yes 

Social  factors 

Often  used  in  social 
settings  as  part  of  social 
interactions 

Used  for  specific 
therapeutic  benefit 

Primary  regulatory 
oversight 

U.S.  Bureau  of  Alcohol, 
Tobacco,  and  Firearms 

U.S.  Food  and  Drug 
Administration 

across  systems  would  suggest  that  any  new  system  be  submitted  to 
evaluations  of  safety  including  dependence-potential  testing. 

Conciusions 

1.  Cigarettes  and  other  forms  of  tobacco  are  addicting.  Patterns  of 
tobacco  use  are  regular  and  compulsive,  and  a  withdrawal 
syndrome  usually  accompanies  tobacco  abstinence. 

2.  Nicotine  is  the  drug  in  tobacco  that  causes  addiction.  Specifi- 
cally, nicotine  is  psychoactive  ("mood  altering")  and  can 
provide  pleasurable  effects.  Nicotine  can  serve  as  a  reinforcer 
to  motivate  tobacco-seeking  and  tobacco-using  behavior.  Toler- 
ance develops  to  actions  of  nicotine  such  that  repeated  use 
results  in  diminished  effects  and  can  be  accompanied  by 
increased  intake.  Nicotine  also  causes  physical  dependence 
characterized  by  a  withdrawal  syndrome  that  usually  accompa- 
nies nicotine  abstinence. 
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3.  The  physical  characteristics  of  nicotine  delivery  systems  can 
affect  their  toxicity  and  addictiveness.  Therefore,  new  nicotine 
delivery  systems  should  be  evaluated  for  their  toxic  and 
addictive  effects. 


216 


References 


ABRAMS,  D.B..  FOLUCK,  M.J.,  BIENER,  L.,  GAREY,  K.B.,  HITTI,  J.  Saliva  cotinine 
as  a  measure  of  smoking  status  in  field  settings.  American  Journal  of  Public 
Health  77(7):846-848,  July  1987. 

ADAMS,  L.,  LEE,  C,  RAWBONE,  R.,  GUZ,  A.  Patterns  of  smoking:  Measurement  and 
variability  in  asymptomatic  smokers.  Clinical  Science  65(4):383-392,  October  1983. 

ADAMS,  P.I.  The  influence  of  cigarette  smoke  yields  on  smoking  habits.  In:  Thornton, 
R.E.  (ed.)  Smoking  Behaviour.  Physiological  and  Psychological  Influences.  Edin- 
burgh: C!hurchill  Livingstone,  1978,  pp.  349-600. 

AMERICAN  COLLEGE  OF  PHYSICIANS.  Methods  for  stopping  cigarette  smoking. 
Annals  of  Internal  Medicine  10a(2):281-291,  August  1986. 

AMERICAN  PSYCHIATRIC  ASSOCIATION.  Diagnostic  and  Statistical  Manual  of 
Mental  Disorders,  Third  Edition  (DSM-III).  Washington,  D.C.:  American  Psychiat- 
ric Association,  1980,  pp.  159-160,  176-178. 

AMERICAN  PSYCHIATRIC  ASSOCIATION.  Diagnostic  and  Statistical  Manual  of 
Mental  Disorders  (revised),  Third  Edition  Washington,  D.C.:  American  Pss^chiatric 
Association,  1987. 

ANDERSSON,  K.  Effects  of  cigarette  smoking  on  learning  and  retention.  Psychophar- 
macologia  41:1-5,  1975. 

ANDERSSON,  K.,  HOCKEY,  G.R.J.  Effects  of  cigarette  smoking  on  incidental 
memory.  Psychopharmacologia  52(3):223-226,  1977. 

ANDERSSON,  K.,  POST,  B.  Effects  of  cigarette  smoking  on  verbal  rote  learning  and 
physiological  arousal.  Scandinavian  Journal  of  Psychology  15:263-267,  1974. 

ASHTON,  H.,  STEPNEY,  R.,  THOMPSON,  J.W.  Smoking  behaviour  and  nicotine 
intake  in  smokers  presented  with  a  'two-thirds'  cigarette,  in:  Thornton,  RE.  (ed.) 
Smoking  Behaviour.  Physiol<^ical  and  Psyeholt^ieal  Influences.  Edinburgh:  Chur- 
chill Livingstone,  1978. 

ASHTON,  H.,  STEPNEY,  R.,  THOMPSON,  J.W.  Self-titration  by  cigarette  smokers. 
British  Medical  Journal  2(6186):357-360,  August  11,  1979. 

ASHTON,  H.,  WATSON,  D.W.  Puffing  frequency  and  nicotine  intake  in  cigarette 
smokers.  British  Medical  Journal  3(5724):679-^l,  Sept^ber  19,  1970. 

ATOR,  N.A.,  GRIFFITHS,  R.R.  Nicotine  self-administration  in  baboons.  Pharmacolo- 
gy Biochemistry  and  Behavior  19(6):993-1003,  1983. 

AUSTIN,  G.A.  Perspectives  on  the  History  of  Psychoactive  Substance  Use,  NIDA 
Research  Monograph  24.  U.S.  Department  of  Health,  Education,  and  Welfare, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-810,  1979. 

BARRETT,  J.E.,  WITKIN,  J.M.  The  role  of  behavioral  and  pharmacological  history  in 
determining  the  effects  of  abused  drugs.  In:  Goldberg,  S.R.,  Stolerman,  LP.  (eds.) 
Behavioral  Analysis  of  Drug  Dependence.  Orlando:  Academic  Press,  1986,  pp. 
196-223. 

BATES,  R.L.  The  effects  of  cigar  and  cigarette  smoking  on  certain  psychological  and 
physiological  functions:  I.  Dart  throwing.  Journal  of  Comparative  Psychology 
2:371-423,  1922. 

BATTIG,  K.,  BUZZI,  R.,  NIL,  R.  Smoke  yield  of  cigarettes  and  puffing  behavior  in  men 
and  women.  Psychopharmacology  76:139-148,  1982. 

BENOWITZ,  N.L.  The  use  of  biological  fluid  samples  in  assessing  tobacco  smoke 
consumption.  In:  Grabowski,  J.,  Bell,  C.S.  (eds.)  Measurement  in  the  Analysis  and 
Treatment  of  Smoking  Behavior,  NEDA  Research  Monograph  48.  U.S.  Department 
of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  1983,  pp.  6-26. 

BENOWITZ,  N.L.  Clinical  pharmacology  of  nicotine  gum.  In:  Ockene,  J.K.  (ed.)  The 
Pharmacologic  Treatment  of  Tobacco  Dependence:  Proceeding  of  the  World 
Congress.  Cambridge,  Massachusetts:  Institute  for  the  Study  of  Smokiii^  Behavior 
and  Policy,  1986,  pp.  108-119. 


217 


BENOWITZ,  N.L.,  HALL,  S.M.,  HERNING,  R.L,  JACOB,  P.  Ill,  JONES,  R.T., 
OSMAN,  A.-L.  Smokers  of  low-yield  cigarettes  do  not  consume  less  nicotine.  New 
England  Journal  of  Medicine  309(3):139-142,  July  21,  1983. 

BENOWITZ,  N.L.,  JACOB,  P.  III.  Nicotine  and  carbon  monoxide  intake  from  high- 
and  low-yield  cigarettes.  Clinical  Pharmacology  and  Therapeutics  36(2):265-270, 
August  1984. 

BENOWITZ,  N.L.,  JACOB,  P.  Ill  Nicotine  renal  excretion  rate  influences  cigarette 

intake  during  cigarette  smoking.  Journal  of  Pharmacology  and  Experimental 

Therapeutics  234(1):153-155,  1985. 
BENOWITZ,  N.L.,  KUYT,  F.,  JACOB,  P.  III.  Circadian  blood  nicotine  concentrations 

during  cigarette  smoking.  Clinical  Pharmacology  and  Therapeutics  32(6):758-764, 

December  1982. 

BENOWrrZ,  N.L.,  KUYT,  F.,  JACOB,  P.  Influence  of  nicotine  on  cardiovascular  and 
hormonal  effects  of  cigarette  smoking.  Clinical  Pharmacology  Therapeutics 
36(1):74-81,  1984. 

BENOWITZ,  N.L.,  JACOB,  P.  Ill,  KOZLOWSKI.  L.T.,  YU,  L.  Influence  of  smoking 

fewer  cigarettes  on  exposure  to  tar,  nicotine,  and  carbon  monoxide.  New  England 
Journal  of  Medicine  315(21):1310-1313,  November  20,  1986. 

BIGELOW,  G.E.,  STTTZER,  M.L.,  GRrFFTTHS,  R.R.,  LIEBSON,  LA.  Human  metha- 
done detoxification:  Opioid  self-administration  behavior,  cigarette  smoking,  and 
withdrawal  signs  and  symptoms  as  a  function  of  progressive  dose  reductions. 
(Abstract.)  Faferofion  Proceedings  40:296,  1981. 

BLITZER,  P.H.,  RIMM,  A.A.,  GIEFER,  E.E.  The  effect  of  cessation  on  body  weight  in 
57,032  women:  Cross-sectional  and  loi^tudinal  analyses.  Journal  of  Chronic 
Diseases  30(7):415-429,  July  1977. 

BOSSE,  R.,  GARVEY,  AJ.,  COSTA,  P.T.  Jr.  Predictors  of  weight-change  following 
smoking  cessation.  International  Journal  of  the  Addictions  15(7):969-991,  1980. 

BOSY,  L.  Physician  touts  tobacco-free  cigaret.  American  Medical  News  July  11, 1986. 

BOZARTH,  M.A.  Opiate  reward  niechanisms  mapped  by  intracranial  self-administra- 
tion. In:  Smith,  J.E.,  Lane,  J.D.  (eds.)  The  Neurobiology  of  Opiate  Reward  Processes. 
New  York:  Elsevier  Biomedical  Press,  1983,  pp.  331-359. 

BRANTMARK,  B.,  OHLIN,  P.,  WESTLING,  H.  Nicotine-containing  chewing  gum  as 
an  anti-smoking  aid.  Psychopharmacologia  31i3):191-200,  1973. 

BRIDGES,  R.B.,  HUMBLE,  J.W.,  TURBEK,  J.A.,  REHM,  S.R.  Smoking  history, 
cigarette  3rield  and  smoking  behavior  as  determinants  of  smoke  exposure. 
European  Journal  of  Respiratory  Diseases  69(Supplement  146): 129-137,  1986. 

BURLING,  T.A.,  SINGLETON,  E.G.,  BIGELOW,  G.E.,  BAILE,  W.F.,  GOTTLIEB,  S.H. 
Smoking  following  myocardial  infarction:  A  critical  review  of  the  literature. 
Health  Psychology  3(l):83-96,  1984. 

BURLING,  T.A.,  STITZER,  M.L.,  BIGELOW,  G.E.,  MEAD,  A.M.  Smoking  topography 
.  and  carbon  monoxide  levels  in  smokers.  Addictive  Behaviors  10:319-323,  1985. 

BURNS,  B.H.  Chronic  chest  disease,  personality  and  success  in  stopping  cigarette 
smoking.  British  Journal  of  Preventive  and  Social  Medicine  23:23-37,  1969. 

BURSE,  R.L.,  BYNUM,  G.D.,  PANDOLF,  K.B.,  GOLDMAN,  R.E.,  SIMS,  E.A.H., 
DANFORTH,  E.R.  Increased  appetite  and  unchanged  metabolism  upon  cessation 
of  smoking  with  diet  held  constant.  Physiologist  18:157,  1975. 

BUZZI,  R.,  NIL,  R.,  BATTIG,  K.  Development  of  puffing  behavior  along  burning  time 
of  a  cigarette — ^No  relation  to  alveolar  inhsilation  or  nicotine  delivery  of  the 
cigarettes?  Psychopharmacology  86(1/2):102-107,  May-June  1985. 

CAIN,  W-S.  Sensory  attributes  of  cigarette  smoking..  In:  Gori,  G.B.,  Bock,  F.  (eds.) 
Banbury  Report  3:  A  Safe  Cigarette?  New  York:  Cold  Spring  Harbor  Laboratory, 
1980,  pp.  239-249. 

CARNEY,  R.M.,  GOLDBERG,  A.P.  Weight  gain  after  cessation  of  cigarette  smoking. 
A  possible  role  for  adipose-tissue  lipoprotein  lipase.  The  New  England  Journal  of 
Medicine  310(10):614-616,  March  8,  1984. 


218 


CARVER,  D.J.  The  immediate  psychological  effects  of  tobacco  smoking.  Comparative 

Psychology  2(4):279-301,  1922. 
CMATT,  L.D.,  GRIFFITHS,  R.R.  Differential  control  of  puff  duration  and  interpuff 

interval   in   cigarette  smokers.  Pharmacology  Biochemistry  and  Behavior 

17{1):155-158,  July  1982a. 
CHAIT,  L.D.,  GRIFFITHS,  R.R.  Smoking  behavior  and  tobacco  smoke  intake: 

Response  of  smokers  to  shortened  cigarettes.  Clinical  Pharmacology  and  Thempeu- 

tics  32(l):90-97,  July  1982b. 
CHAIT,  L.D.,  GRIFFrraS,  R.R.  Effects  of  caffeine  on  cigarette  smoking  and  subjeclive 

response.  Clinical  Pharmacology  and  Therapeutics  34(5):612-622,  November  1983. 
CHAIT,  L.D.,  GRIFFITHS,  R.R.  Effects  of  methadone  on  human  cigarette  smoking 

and  subjective  ratings.  Journal  of  Pharmacology  and  Experimental  Therapeutics 

229(3):636-640,  June  1984. 
CHAIT,  L.D.,  RUSS,  N.w!,  GRIFFITHS,  R.R.  Effects  of  graded  smoke  inhalation  on 

subsequent  cigarette  smoking  behavior.  Addictive  Behaviors  10:273-280,  1985. 
CHAMBERLAIN,  A.T.,  HIGENBOTTAM,  T.W.  Nicotine  and  cigarette  smoking:  An 

alternative  hypothesis.  Medical  Hypotheses  17(4):285-297,  August  1985. 
CHAN,  T.L.,  SCHRECK,  R.M.  Effect  of  the  laryngeal  jet  on  particle  deposition  in  the 

human  trachea  and  upper  bronchial  airways.  Journal  of  Aerosol  Science 

ll(5/6):447-459,  1980. 
CHEREK,  D.R.,  MAURONER,  R.F.,  BRAUCHI,  J.T.  Effects  of  increasing  urinary  pH 

on  cigarette  smoking.  Clinical  Pharmacology  and  Therapeutics  32(2):253-260, 

1982. 

CHILDRESS,  A.R.,  McLELLAN,  A.T.,  EHRMAN,  R.,  O'BRIEN,  CP.  Classical 
conditioned  responses  in  opioid  and  cocaine  dependency;  a  role  in  relapse?  In:  Ray, 
B.  (ed.)  Learning  Factors  in  Substance  Use,  NIDA  Research  Monograph.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse,  in 
press. 

CLARK,  M.S.G.  Self-administered  nicotine  solutions  preferred  to  placebo  by  the  rat. 

British  Pharmacological  Society  :367,  January  2-3,  1969. 
CLARKE,  P,B.S.,  FIBIGER,  H.C.  Apparent  absence  of  nicotine-induced  conditioned 

place  preference  in  rats.  Psychopharmacology  92(l):84-88,  May  1987. 
CLEGHORN,  J.  "Smokeless  cigarette"  bums  RJR.  Charlotte  Observer,  November  14, 

1987,  p.  22. 

CLOUET,  D.H.,  IWATSU60,  K.  Mechanisms  of  tolerance  to  and  dependence  on 

narcotic  analgesia  drugs.  In:  Elliot,  H.W.,  George,  R.,  Okun,  R.  (eds.)  Annual 
Review  of  Pharmacology,  Volume  15.  Palo  Alto,  California:  Annual  Reviews,  Inc., 
1975,  pp.  49-71. 

COCHIN,  J.  Possible  mechanisms  in  development  of  tolerance.  Federation  Proceedings 
29(l):19-27,  January-February  1970. 

COLPAERT,  F.C.  Discriminative  stimulus  properties  of  benzodiazepines  and  barbitu- 
rates. In:  Lai,  H.  (ed.)  Discriminative  Stimulus  Properties  of  Drugs.  New  York: 
Plenum  Press,  1977,  pp.  93-106. 

CORTL  E.C.  A  History  of  Smoking.  Translated  by  P.  England.  London:  George  G. 
Harrap,  1931. 

COX,  B.M.,  GOLDSTEIN,  A.,  NELSON,  W.T.  Nicotine  self-administration  m  rats. 
British  Journal  of  Pharmacology  83(l):49-55,  September  1984. 

CREIGHTON,  D.E.,  LEWIS,  P.H.  The  effect  of  different  cigarettes  on  human  smoking 
patterns.  In:  Thornton,  R.E.  (ed.)  Smoking  Behaviour.  Physiological  and  Psycholog- 
ical Influences.  Edinburgh:  Churchill  Livii^tone,  1978a,  pp.  289-300. 

CREIGHTON,  D.E.,  LEWIS,  P.H.  The  effect  of  smoking  pattern  on  smoke  deliveries. 
In:  Thornton,  R.E.  (ed.)  Smoking  Behaviour.  Physiological  and  Psychological 
Influences.  Edinburgh:  Churchill  Livingstone,  1978b,  pp.  301-314. 


219 


CREIGHTON,  D.E.,  NOBLE,  M.J.,  WHEWELL,  R.T.  Instruments  to  measure,  record 
and  duplicate  human  smoking  patterns.  In:  Thornton,  R.E.  (ed.)  Smoking  Behavi- 
our: Physiological  and  Psychological  Influences.  London:  Churchill  Livingstone, 
1978,  pp.  277-288. 

CUMMINGS,  K.M.,  GIOVINO,  G.,  JAEN,  C.R.,  EMRICH,  L.J.  Reports  of  smoking 
withdrawal  symptoms  over  a  21  day  period  of  abstinence.  Addictive  Behaviors 
10:373-381,  March  1985. 

DE  LA  GARZA,  R.,  JOHANSON,  C.E.  The  effects  of  food  deprivation  on  the  self- 
administration  of  psychoactive  drugs.  Drug  and  Alcohol  Dependence  19(l):17-27, 
1987. 

DENEAU,  G.A.,  INOKI,  R.  Nicotine  self-administration  in  monkejrs.  Annals  of  the 
New  York  Academy  of  Science  142:(article  l):277-279,  1967. 

DIXON,  W.E.,  LEE,  W.E.  Tolerance  to  nicotine.  Journal  of  Experimental  Physiology 
5:373-383,  1912. 

DORSEY,  J.L.  Control  of  the  tobacco  habit.  Annals  of  Internal  Medicine  10(4):628-631, 
1936. 

DOUGHERTY,  J.,  MILLER,  D.,  TODD,  G.,  KOSTENBAUDER,  H.B.  Reinforcing  and 

other  behavioral  effects  of  nicotine.  Neuroscienee  and  Biobehavioral  Reviews 

5(4):487-495,  Winter  1981. 
EDDY,  N.B.  The  National  Research  Council  Involvement  in  the  Opiate  Problem:  1928- 

1971.  Washington,  D.C.:  National  Academy  of  Sciences,  1973. 
EDWARDS,  J.A.,  WESNES,  K.,  WARBURTON,  D.M.,  GALE,  A.  Evidence  of  more 

rapid  stimulus  evaluation  following  cigarette  smoking.  Addictive  Behaviors 

10(2):113-126,  1985. 

ELGEROT,  A.  Psychological  and  physiological  changes  during  tobacco-abstinence  in 
habitual  smokers.  Journal  of  Clinical  Psychology  34(3):759-764,  July  1978. 

EPSTEIN,  L.H.,  DICKSON,  B.E.,  OSSIP,  D.J.,  STILLER,  R.,  RUSSELL.  P.O., 
WINTER,  K.  Relationships  among  measures  of  smokiag  topography.  Addictive 
Behaviors  7:307-310,  1982. 

EPSTEIN,  L.H.,  OSSIP,  D.J.,  COLEMAN,  D.,  HUGHES,  J.,  WEST,  W.  Measurement 
of  smoking  topography  during  withdrawal  or  deprivation.  Behavior  Therapy 
12(4):507-519,  September  1981. 

ETSCORN,  F.  Sucrose  aversions  in  mice  as  a  result  of  injected  nicotine  or  passive 
tobacco  smoke  inhalation.  Bulletin  of  the  Psychonomic  Society  15(l):54-56,  1980. 

ETSCORN,  F.,  MOORE,  G.A.,  HAGEN,  L.S.,  CATON,  T.M.,  SANDERS,  D.L.  Saccha- 
rin aversions  in  hamsters  as  a  result  of  nicotine  injections.  Pharmacology 
Biochemistry  and  Behavior  24:567-570,  1986. 

EVANS,  R.I.,  HENDERSON,  A.,  HILL,  P.,  RAINES,  B.  Smoking  in  children  and 
adolescents:  Psychosocial  determinants  and  prevention  strategies.  In:  Krasnegor, 
N.A.  (ed.)  The  Behavioral  Aspects  of  Smoking,  NIDA  Research  Monograph  26.  U.S. 
Department  of  Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol, 
Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug 
Abuse.  DHEW  Publication  No.  (ADM)  7^2,  1979,  pp.  69^96. 

EVANS,  R.I.,  RAINES,  B.E.  Control  and  prevention  of  smoking  in  adolescents:  A 
psychosocial  perspective.  In:  Coates,  T.J.,  Petersen,  A.C.,  Perry,  C.  (eds.)  Promoting 
Adolescent  Health.  New  York:  Academic  Press,  Inc.,  1982,  pp.  101-136. 

FAGERSTROM,  K.-O.  Measuring  degree  of  physical  dependence  to  tobacco  smoking 
with  reference  to  individualization  of  treatment.  Addictive  Behaviors 
3(3/4):236-241,  1978. 

FAGERSTROM,  K.-O.  Reducing  the  weight  gain  after  stopping  smoking.  Addictive 

Behaviors  12:91-93,  1987. 
FAGERSTROM,  K.-O.,  BATES,  S.  Compensation  and  effective  smoking  by  different 

nicotine  dependent  smokers.  Addictive  Behaviors  6(4):331-336,  1981. 
FINNEGAN,  J.K.,  LARSON,  P.S.,  HAAG,  H.B.  The  role  of  nicotine  in  the  cigarette 

habit.  Science  102:94-96,  1945. 


220 


FIORE,  M.,  NOVOTNY,  T.,  LYNN,  W.,  MAKLAN,  D.,  DAVIS,  R.  Smoking  cessation: 
Data  from  the  1986  Adult  Use  of  Tobacco  Survey.  Proceedings  of  the  6th  World 
Conference  on  Smoking  and  Health,  November  9-12,  1987.  In  press. 

FISCHMAN,  M.W.,  SCHUSTER,  C.R.  Cocaine  self-administration  in  humans.  Federa- 
tion Proceedings  41(2):241-246,  February  1982. 

FISCHMAN,  M.W.,  SCHUSTER,  C.R.,  RESNEKOV,  L.,  SHICK,  J.F.E.,  KRASNE- 
GOR,  N.A.,  FENNELL,  W.,  FREEDMAN,  D.X.  Cardiovascular  and  subjective 
effects  of  intravenous  cocaine  administration  in  humans.  Archive  of  General 
Psychiatry  33(8):983-989,  August  1976. 

FIX,  A.J.,  DAUGHTON,  D.M.  Smoking  cessation  and  acid-base  balance.  International 
Journal  of  Biosocial  Research  2:9-11,  1981. 

FIX,  A.J.,  DAUGHTON,  D.,  KASS,  I.,  SMITH,  J.L.,  WICKISER,  A.,  GOLDEN,  C.J. 
Urinary  alkalinization  and  smoking  cessation.  Clinical  Psychology  39(4):617-623, 
1983. 

FRANKENHAEUSER,  M.,  MYRSTEN,  A.L.,  POST,  B.,  JOHANSSON,  G.  Behaviour- 
al and  physiological  effects  of  cigarette  smoking  in  a  monotonous  situation. 

Psychopharmacologia  22(l):l-7,  October  20,  1971. 
FRITH,  CD.  The  effect  of  varying  the  nicotine  content  of  cigarettes  on  human 

smoking  behavior.  Psychopharmacologia  19(2): 188-192,  January  20,  1971. 
FUDALA,  P.J.,  IWAMOTO,  E.T.  Further  studies  on  nicotine-induced  conditioned 

place   preference   in   the   rat.   Pharmacology  Biochemistry  and  Behavior 

25:1041-1049,  November  1986. 
FUDALA,  P.J.,  IWAMOTO,  E.T.  Conditioned  aversion  after  delay  place  conditioning 

with  nicotine.  Psychopharm.acology  92:376-381,  1987. 
FUDALA,  P.J.,  TEOH,  K.W.,  IWAMOTO,  E.T.  Pharmacologic  characterization  of 

nicotine-induced  conditioned  place  preference.  Pharmacology  Biochemistry  and 

Behavior  22:237-241,  1985. 
GALLUP,  6.  Jr.  Majority  backs  ban  on  smoking  in  public  places.  The  Gallup  Poll, 

April  3,  1987,  pp.  1-2. 
GILBERT,  R.M.,  POPE,  M.A.  Early  effects  of  quitting  smoking.  Psychopharmacology 

78(2):121-127,  October  1982. 
GILLMAN,  A.G.,  GOODMAN,  L.S.,  RALL,  T.W.,  MURAD,  F.  (eds.)  Goodman  and 

Gilman's  The  Pharmacological  Basis  of  Therapeutics,  New  York:  MacMillan 

Publishing  Company,  1985. 
GLAUSER,  S.C.,  GLAUSER,  E.M.,  REIDENBERG,  M.M.,  RUSY,  B.F.,  TALLARIDA., 

R.J.  Metabolic  changes  associated  with  the  cessation  of  cigsu'ette  smoking.  Archives 

of  Environmental  Health  20:377-381,  1970. 
GOLDBERG,  S.R.,  HENNINGFIELD,  J.E.  Fixed-ratio  responding  maintained  by 

intravenous  nicotine  ii^jections  in  humans  and  squirrel  monkeys.  Pharmacologist 

25:219,  1983a. 

GOLDBERG,  S.R.,  HENNINGFIELD,  J.E.  Intravenous  nicotine  self-administration  in 
humans  and  squirrel  monkeys.  Neuroscience  Letters  14(Supplement):  S140,  1983b. 

GOLDBERG,  S.R.,  HENNINGFIELD,  J.E.  Nicotine  as  a  Reinforcer  in  Humans  and 
Experimental  Animals.  Paper  presented  at  s3rmposium  on  Progress  in  Understand- 
ing the  Relationship  Between  the  Pharmacological  Effects  of  Nicotine  and  Human 
Tobacco  Dependence,  held  at  annual  meeting  of  American  Society  for  Pharmacolo- 
gy and  Experimental  Therapeutics,  Baltimore,  Maryland,  Aug\ist  1986. 

GOLDBERG,  S.R.,  HENNINGFIELD,  J.E.  Reinforcing  effects  of  nicotine  in  humans 
and  experimental  animals  responding  under  intermittent  schedules  of  IV  drug 
injection.  Pharmacology  Biochemistry  and  Behavior  30:227-234,  1988. 

GOLDBERG,  S.R.,  KELLEHER,  R.T.,  MORSE,  W.H.  Second-order  schedules  of  drug 
injection.  Federation  Proceedings  34(9):1771-1776,  1975. 

GOLDBERG,  S.R.,  SPEALMAN,  R.D.  Maintenance  and  suppression  of  behavior  by 
intravenous  nicotine  injections  in  squirrel  monkeys.  Federation  Proceeding 
41(2):216-220,  February  1982. 


221 


GOLDBERG,  S.R.,  SPEALMAN,  R.D.  Suppression  of  behavior  by  intravenous 
injections  of  nicotine  or  by  electric  shocks  in  squirrel  monkeys:  Effects  of 
chlordiazepoxide  and  mecamylamine.  Journal  of  Pharmacology  and  Experimental 
Therapeutics  224(2):334-340,  February  1983. 

GOLDBERG,  S.R.,  SPEALMAN,  R.D.,  GOLDBERG,  D.M.  Persistent  behavior  at  high 
rates  maintained  by  intravenous  self-administration  of  nicotine.  Science 
214(4520):573-675,  October  30,  1981. 

GOLDBERG,  S.R.,  SPEALMAN,  R.D.,  RISNER,  M.E.,  HENNINGFIELD,  J.E.  Control 
of  behavior  by  intravenous  nicotine  injections  in  laboratory  animals.  Pharmacolo- 
gy Biochemistry  and  Behavior  19(6):1011-1020,  December  1983. 

GOLDFARB,  T.L.,  GRITZ,  E.R.,  JARVIK,  M.E.,  STOLERMAN,  LP.  Reactions  to 
cigarettes  as  a  function  of  nicotine  and  "tar".  Clinical  Pharmacology  and 
7%«rapeufics  .19(6):767-772,  June  1976. 

GOLDFARB,  T.L.,  JARVIK,  M.E.  Accommodation  to  restricted  tobacco  smoke  intake 
in  cigarette  smokers.  International  Journal  of  the  Addictions  7(3):559-565,'  1972. 

GOLDFARB,  T.L.,  JARVIK,  M.E.,  GLICK,  S.D.  Cigarette  nicotine  content  as  a 
determinant  of  human  smoking  behavior.  Psychopharmacologia  17(l):89-93,  1970. 

GORI,  G.B.  Observed  no-effect  thresholds  and  the  definition  of  less  hazardous 
cigarettes.  Journal  of  Environmental  Pathology  and  Toxicology  3:193-203,  1980. 

GORI,  G.B.,  LYNCH,  C.J.  Analytical  cigarette  yields  as  predictors  of  smoke 
bioavailability.  Regulatory  Toxicology  and  Pharmacology  5(3):314-326,  September 
1985. 

GRABOWSKI,  J.,  BELL,  C.S.  (eds.)  Measurement  in  the  Analysis  and  Treatment  of 
Smoking  Behavior,  NIDA  Research  Monograph  48.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
83-1285,  1983. 

GRABOWSKI,  J.,  HALL,  S.M.  (eds.)  Pharmacological  Adjuncts  in  Smoking  Cessation, 
NIDA  Research  Monograph  53.  U.S.  Department  of  Health  and  Human  Services, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  85-1333,  1985. 

GRAHAM,  S.,  CROUCH,  S.,  LEVIN,  M.L.,  BOCK,  F.G.  Variations  in  amounts  of 
tobacco  tar  retrieved  from  selected  models  of  smoking  'behavior  simulated  by 
smoking  machine.  Cancer  Research  23:1025-1030,  August  1963. 

GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  HENNINGFIELD,  J.E.  Similarities  in  animal 
and  human  drug-taking  behavior.  In:  Mello,  N.K.  (ed.)  Advances  in  Substance 
Abuse,  Volume  1.  Greenwich,  Connecticut:  JAI  Press,  1980,  pp.  1-90. 

GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  LIEBSON,  I.  Facilitation  of  human  tobacco  self- 
administration  by  ethanol:  A  behavioral  analysis.  Journal  of  the  Experimental 
Analysis  of  Behavior  25(3):279-292,  May  1976. 

GRIFFITHS,  R.R.,  BRADY,  J.V.,  BRADFORD,  L.D.  Predicting  the  abuse  liabiUty  of 
drugs  with  animal  drug  self-administration  procedures:  Psychomotor  stimulants 
and  hallucinogens.  In:  Thompson,  T.,  Dews,  P.B.  (eds.)  Advances  in  Behavioral 
Pharmacology,  Volume  2.  New  York:  Academic  Press,  1979,  pp.  163-208. 

GRIFFITHS,  R.R.,  HENNINGFIELD,  J.E.  Experimental  analysis  of  human  cigarette 
smoking  behavior.  Federation  Proceedings  41(2):234-240,  February  1982. 

GRIFFITHS,  R.R.,  HENNINGFIELD,  J.E.,  BIGELOW,  G.E.  Human  cigarette  smok- 
ing: Manipulation  of  number  of  puffs  per  bout,  interbout  interval  and  nicotine 
dose.  Journal  of  Pharmacology  and  Experimental  Therapeutics  22(X2):266-265, 
February  1982. 

GRITZ,  E.R.  Patterns  of  puffing  in  cigarette  smokers.  In:  Krasnegor,  N.A.  (ed.)  Self- 
Administration  of  Abused  Substances:  Methods  for  Study,  NIDA  Research  Mono- 
graph 20.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DREW  Publication  No.  (ADM)  78-727, 1978,  pp.  221-235. 


222 


GRITZ,  E.R.  Smoking  behavior  and  tobacco  \ise.  In:  Mello,  N.K.  (ed.)  Advances  in 
Substance  Abuse,  Volume  1.  Greenwich,  Connecticut:  JAI  Prese,  Inc.,  1980,  pp. 

91-158. 

GRITZ,  E.R.,  BAER-WEISS,  V.,  JARVIK,  M.E.  Titration  of  nicotine  intake  with  full- 
length  and  half-length  cigarettes.  Clinical  Pharmacology  and  Therapeutics 

20(5):552-556,  November  1976. 
GRITZ,  E.R.,  JARVIK,  M.E.  Preliminary  study:  Forty-eight  hours  of  abstinence  from 

smoking.  Proceedings  of  the  81st  Annual  Convention,  American  Psychological 

Association  8:1039-1040,  1973. 
GRITZ,  E.R.,  ROSE,  J.E.,  JARVIK,  M.E.  Regulation  of  tobacco  smoke  intake  with 

paced   cigarette    presentation.    Pharmacology   Biochemistry   and  Behavior 

18(3):457-462,  March  1983. 
GRUNBERG,  N.E.  The  effects  of  nicotine  and  cigarette  smoking  on  food  consumption 

and  taste  preferences.  Addictive  Behaviors  7(4):317-331,  1982. 
GRUNBERG,  N.E.  Nicotine  as  a  psychoactive  drug:  Appetite  regulation.  Psychophar- 

macology  Bulletin  22(3):875-881,  1986. 
GRUNBERG,  N.E.,  KOZLOWSKI,  L.T.  Alkaline  therapy  as  an  adjunct  to  smoking 

cessation  programs.  International  Journal  ofBiosocial  Research  8(l):43-52,  1986. 
GUILLERM,  R.,  RADZISZEWSKI,  E.  Analysis  of  smoking  pattern  including  intake  of 

carbon  monoxide  and  influences  of  changes  in  cigarette  design.  In:  Thornton,  R.E. 

(ed.)  Smoking  Behaviour.  Physiological  and  Psychological  Influences.  Edinburgh: 

Churchill  Livingstone,  1978,  pp.  361-370. 
GUST,  S.W.,  PICKENS,  R.W.  Does  cigarette  nicotine  yield  affect  puff  volume? 

Clinical  Pharmacology  and  Therapeutics  32(4):418-422,  October  1982. 
GUST,  S.W.,  PICKENS,  R.W.,  PECHACEK,  T.F.  Recording  puff  volume  in  smoking. 

Behavior  Research  Methods  and  Instrumentation  15(3):341-343,  June  1983a. 
GUST,  S.W.,  PICKENS,  R.W.,  PECHACEK,  T.F.  Relation  of  puff  volume  to  other 

topographical  measures  of  smoking.  Addictive  Behaviors  8(2):115-119,  1983b. 
HAERTZEN,  C.A.  Changes  in  correlation  between  responses  to  items  of  the  Addiction 

Research  Center  Inventory  produced  by  LSD-25.  Journal  of  Psycho-pharmacology 

1:27-36,  1966. 

HAERTZEN,  C.A.  An  Overview  of  Addiction  Research  Center  Inventory  Scales  (ARCI): 
An  Appendix  and  Manual  of  Scales.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 
74-92,  1974. 

HAERTZEN,  C,A.,  HICKEY,  J.E.  Addiction  Research  Center  Inventory  (ARCD: 

Measurement  of  euphoria  and  other  drug  effects.  In:  Bozarth,  M.A.  (ed.)  Methods  of 
Assessing  the  Reinforcing  Properties  of  Abused  Drugs.  New  York:  Springer  Verlag, 
1987,  pp.  489-524. 

HALL,  S.M.,  GINSBERG,  D.,  JONES,  R.T.  Smoking  cessation  and  weight  gain. 
Journal  of  Consulting  and  Clinical  Psychology  54(3):342-346,  June  1986. 

HALL,  R.,  RAPPAPORT,  M.,  HOPKINS,  H.K.,  GRIFFIN,  R.  Tobacco  and  evoked 
potential.  Science  180(4082):212-214,  April  13,  1973. 

HANSON,  H.M.,  IVESTER,  C.A.,  MORTON,  B.R.  Nicotine  self-administration  in  rats. 
In:  Krasnegor,  N.A.  (ed.)  Cigarette  Smoking  as  a  Dependence  Process,  NIDA 
Research  Mon(^aph  23.  U.S.  Department  of  Health,  Education  and  Welfare, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  74-800, 1979,  pp. 
70-90. 

HARRIS,  C  M.,  EMMETT-OGLESBY,  M.W.,  ROBINSON,  N.G.,  LAL,  H.  Withdrawal 
from  chronic  nicotine  substitutes  partially  for  the  interoceptive  stimulus  produced 
by  pentylenetetrazol  (PTZ).  Psychopharmacologia  90:85-89,  1986. 


223 


HATSUKAMI,  D.K.,  GUST,  S.W.,  KEENAN,  R.M.  Physiologic  and  subjective  changes 
from  smokeless  tobacco  withdrawal.  Clinical  Pharmacol<^  and  TTierapeutics 

41(1):103-107,  1987. 

HATSUKAMI,  D.K.,  HUGHES,  J.R.,  PICKENS,  R.W.  Characteristics  of  tobacco 
withdrawal:  Physiological  and  subjective  effects.  In:  Grabowski,  J.,  Hall,  S.M.  (eds.) 
Pharmacological  Adjuncts  in  Smoking  Cessation,  NIDA  Research  Monograph  53. 
U.S.  Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol, 
Drug  Abuse,  and  Mental  Hesdth  Administration,  National  Institute  on  Drug 
Abuse.  DHHS  Publication  No.  (ADM)  85-1333,  1985,  pp.  56-67. 

HATSUKAMI,  D.K.,  HUGHES,  J.R.,  PICKENS,  R.W.,  SVIKIS,  D.  Tobacco  withdraw- 
al symptoms:  An  experimental  analysis.  Psychopharmacohgy  84(2):231-236,  Octor 
ber  1984. 

HEATH,  G.F.,  PORTER,  J.H.,  ROSECRANS,  J.A.  (-J^Nicotine  Blocks  the  Effects  of 

Diazepam  on  Punished  Responding  in  Rats.  Eastern  Psychological  Association 

Meeting,  Philadelphia,  1985. 
HEIMSTRA,  N.W.,  BANCROFT,  N.R.,  DEKOCK,  AH.  Effects  of  smoking  upon 

sustained  performance  in  a  simulated  driving  task.  Annals  of  the  New  York 

Academy  of  Sciences  142:295-307,  1967. 
HENNINGPIELD,  J.E.  Behavioral  pharmacology  of  cigarette  smoking.  In:  Thompson, 

T.,  Dews,  P.B.,  Barrett,  J.E.  (eds.)  Advances  in  Behavioral  Pharmacology,  Volume 

4.  Orlando:  Academic  Press,  1984,  pp.  131-210. 
HENNINGFIELD,  J.E.  How  tobacco  produces  drug  dependence.  In:  Ockene,  J.K.  (ed.) 

The  Pharmaa>logic  Treatment  of  Tobacco  Dependence:  Proce&lin^  of  the  World 

Congress,  November  4-5,  1985.  Cambridge,  Massachusetts:  Institute  for  the  Study  of 

Smoking  Behavior  and  Policy,  1986a,  pp.  19-31, 
HENNINGFIELD,  J.E.  Principle  investigator.  Annual  Progress  Report:  Biology  of 

Dependence  and  Abuse  Potential  Assessment  Laboratory.  In:  Annual  Report  of  the 

Addiction  Research  Center,  Addiction  Research  Center,  National  Institute  on  Drug 

Abuse,  1986b. 

HENNINGFIELD,  J.E.  Principle  investigator.  Annual  Progress  Report:  Biology  of 
Dependence  and  Abuse  Potential  Assessment  Laboratory.  In:  Annual  Report  of  the 
Addiction  Research  Center,  Addiction  Research  Center,  National  Institute  on  Drug 
Abuse,  1987a. 

HENNINGFIELD,  J.E.  Redefining  craving.  NIDA  Notes  2(1):9,  1987b. 
HENNINGFIELD,  J.E.  Reducing  the  urge  to  smoke.  Chest  92(6):963,  1987c. 
HENNINGFIELD,  J.E.,  BROWN,  B.S.  Do  replacement  therapies  treat  craving?  NWA 

Notes  2(l):8-9,  1987. 

HENNINGFIELD,  J.E.,  CHAIT,  L.D.,  GRIFFITHS,  R.R.  Cigarette  smoking  and 

subjective  response  in  alcoholics:  Effects  of  pentobarbital.  Clinical  Pharmacology 

and  Therapeutics  33(6):806-812,  June  1983. 
HENNINGFIELD,  J.E.,  CHAIT,  L.D.,  GRIFFITHS,  R.R.  Effects  of  ethanol  on 

cigarette  smoking  by  volunteers  without  histories  of  alcoholism.  Psychopharmacol- 

ogy  82(l/2):l-5,  1984. 
HENNINGFIELD,  J.E.,  GOLDBERG,  S.R.  Control  of  behavior  by  intravenous  nicotine 

injections   in   human  subjects.   Pharmacology  Biochemistry  and  Behavior 

19(6):1021-1026,  December  1983a. 
HENNINGFIELD,  J.E.,  GOLDBERG,  S.R.  Nicotine  as  a  reinforcer  in  human  subjects 

and  laboratory  animals.  Pharmacology  Biochemistry  and  Behavior  19(6):989-992, 

1983b. 

HENNINGFIELD,  J.E.,  GRIFFITHS,  R.R.  A  preparation  for  the  experimental  and 
analysis  of  human  cigarette  smoking  behavior.  Behavior  Research  Methods 
Instrumentation  ll(6):538-544,  December  1979. 

HENNINGFIELD,  J.E.,  GRIFFITHS,  R.R.  Effects  of  ventilated  cigarette  holders  on 
cigarette  smoking  by  humans.  Psychopharmacology  68(2):115-119,  May  1980. 


224 


HENNINGFIELD,  J.E.,  GRIFFITHS,  R.R.  Cigarette  smoking  and  subjective  response: 
Effects  of  d-amphetamine.  Clinical  Pharmacology  and  Thempeutica  30(4):497-505, 
October  1981. 

HENNINGFIELD,  J.E.,  MIYASATO,  K.,  JASINSKI,  D.R.  Cigarette  smokers  self- 
administer  intravenous  nicotine.  Pharmacology  Biochemistry  and  Behavior 
19(5):887-890,  November  1983. 

HENNINGFIELD,  J.E.,  MIYASATO,  K„  JASINSKI,  D.R.  Abuse  liability  and 
pharmacodynamic  characteristics  of  intravenous  and  inhaled  nicotine.  Journal  of 
Pharmacology  and  Experimental  Therapeutics  234(1): 1-12,  July  1985. 

HENNINGFIELD,  J.E.,  MIYASATO,  K.,  JOHNSON,  R.E.,  JASINSKI,  D.R.  Rapid 
physiologic  effects  of  nicotine  in  humans  and  selective  blockade  of  behavioral 
effects  by  mecamylamine.  In:  Harris,  L.S.  (ed.)  Problems  oflMtg  Dependmcei  1982,  . 
NIDA  Research  Monograph  43.  U.S.  Department  of  Health  and  Human  Services, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  83-1264*  1983,  pp. 
259-265. 

HENNINGFIELD,  J.E.,  YINGLING,  J.,  GRIFFITHS,  R.R.,  PICKENS,  R.  An  inexpen- 
sive portable  device  for  measuring  puffing  behavior  by  cigarette  smokers. 
Pharmacology  Biochemistry  and  Behavior  12(5):811-813,  1980. 

HERNING,  R.I.  Principle  investigator.  Annual  Progress  Report:  Cognitive  Studies  and 
Human  Performance  Laboratory,  Annual  Report  of  the  Addiction  Research  Center, 
Fiscal  Year  1986.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alchol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  1987. 

HERNING,  R.I.,  HUNT,  J.S.,  JONES,  R.T,  The  importance  of  inhalation  volume  when 
measuring  smoking  behavior.  Behavior  Research  Methods  and  Instrumentation 
15(6):561-568,  1983. 

HERNING,  R.I.,  JONES,  R.T.,  BACHMAN,  J.  EEG  changes  during  tobacco  withdraw- 
al i^sj^j/iopAj^iofcgy  20(5):507-512,  September  1983. 

HERNING,  R.I.,  JONES.  R.T.,  BACHMAN,  J.,  MINES,  A.H.  Puff  volume  increases 
when  low-nicotine  cigarettes  are  smoked.  British  Medical  Journal 
283(6285):187-189,  July  18,  1981. 

HERNING,  R.I.,  JONES.  R.T.,  BENOWITZ,  N.L.,  MINES,  A.H.  How  a  cigarette  is 
smoked  determines  blood  nicotine  levels.  Clinical  Pharmacology  and  Therapeutics 
33(l):84-90,  January  1983. 

HERNING,  R.I.,  JONES,  R.T.,  FISCHMAN,  P.  The  titration  hypothesis  revisited: 
Nicotine  gum  reduces  smoking  intensity.  In:  Grabowski,  J.,  Hall,  S.M.  (eds.) 
Pharmacological  Adjuncts  in  Smoking  Cessation,  NIDA  Research  Mortograph  53. 
U.S.  Department  of  Health  and  Human  Services,  Public  Health  Serviee,  Alcohol, 
Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug 
Abuse.  DHHS  Publication  No.  (ADM)  85-1333,  pp.  27-41,  1985. 

HERSKOVIC,  J.E.,  ROSE,  J.E.,  JARVIK,  M.E.  Cigarette  desirabitity  and  nicotine 
preference  in  smokers.  Pharmacology  Biochemistry  and  Behavior  24(2):i71-175, 
February  1986. 

KILDING,  A.C.  On  cigarette  smoking,  bronchial  carcinoma  and  dliary  action.  I. 

Smoking  habits  and  measurement  of  smoke  intake.  New  Engtand  Journal  of 

Medicine  254(17):775-781,  April  26,  1956. 
HIMMELSBACH,  C.K.  Clinical  studies  of  drug  addiction.  Physical  dependence, 

withdrawal  and  recovery.  Archives  of  Internal  Medicine  69:766-772,  1942. 
HOFSTETTER,  A.,  SCHUTZ,  Y.,  JfiQUIER,  E.,  WAHREN,  J.  Increased  24-hour 

energy  expenditure  in  cigarette  smokers.  New  England  Journal  of  Medicine 

314(2)2:79-82,  January  9,  1986. 
HOWARD,  J.L.,  CRAFT,  R.M.  Cue  properties  of  nicotine  by  oral  and  transdermal 

routes.  (Abstract.)  Federation  Proceedings  45(4):1133,  March  5,  1986. 


225 


HUGHES,  J.R.  Craving  as  a  psychological  construct.  British  Journal  of  Addictions 
82(l):38-39,  1987. 

HUGHES,  J.R.  Dependence  potential  and  abuse  liability  of  nicotine  replacement 

therapies.  In:  Pomerleau,  O.F.,  Pomerleau,  C.S.,  Fagerstrom,  K.O.,  Henningfield, 

J.E.,  Hughes,  J.R.  (eds.)  Nicotine  Replacement:  A  Critical  Evaluation.  New  York: 

Alan  R.  Liss,  1988,  pp.  261-277. 
HUGHES,  J.R.,  GUST,  S.W.,  PECHACEK,  T.F.  Prevalence  of  tobacco  dependence  and 

withdrawal.  The  American  Journal  of  Psychiatry  144:205-208,  1987. 
HUGHES,  J.R.,  HATSUKAMI,  D.  Signs  and  symptoms  of  tobacco  withdrawal. 

Archives  of  General  Psychiatry  43(3):289-294,  March  1986. 
HUGHES,  J.R.,  HATSUKAMI,  D.K.,  PICKENS,  R.W.,  KRAHN,  D.,  MALINS,  S., 

LUKNIC,  A.  Effect  of  nicotine  on  the  tobacco  withdrawal  symptom.  Psychophar- 

macology  83(l):82-87,  April  1984. 
HUGHES,  J.R.,  HATSUKAMI,  D.K.,  PICKENS,  R.W.,  SVIKIS,  D.S.  Consistency  of 

the  tobacco  withdrawal  syndrome.  Addictive  Behaviors  9:409-412,  1984. 
HUGHES,  J.R.,  HATSUKAMI,  D.,  SKOOG,  K.P.  Physical  dependence  on  nicotine 

gum:  A  placebo  substitution  trial.  JounuzZ  of  the  American  Medical  Association 

256(23):3277-3279,  June  20,  1986. 
HUGHES,  J.R.,  HCKENS,  R.W.,  GUST,  S.W.,  HATSUKAMI,  D.K.,  SVIKIS,  D.S. 

Smoking  behavior  of  Type  A  and  Type  B  smokers.  Addictive  Behaviors  11:115-118, 

1986. 

HUNT,  T.,  AMIT,  Z.  Conditioned  taste  aversion  induced  by  self-administered  drugs: 

Paradox  revisited.  Neuroscience  and  Biobehavioral  Reviews  11:107-130,  1987. 
HUTCHINSON,  R.R.,  EMLEY,  G.S.  Effect  of  nicotine  on  avoidance,  conditioned 

suppression  and  aggression  response  measures  in  animals  and  man.  In:  Dunn,  W.L. 

(ed.)  Smoking  Behavior:  Motives  and  Incentives.  Washington,  D.C.:  V.H.  Winston 

and  Sons,  1973,  pp.  171-196. 
ISBELL,  H.  Methods  and  r^ults  of  studying  experimental  human  addiction  to  the 

newer  synthetic  analgesics.  Annals  of  the  New  York  Academy  of  Sciences 

51(1):108-122,  1948. 

ISBELL,  H.,  FRASER,  H.F.,  WIKLER.  A.,  BELLEVILLE,  R.E.,  EISENMAN,  A.J.  An 
experimental  study  of  the  etiology  of  "rum  fits"  and  delirium  tremens.  Quarterly 

Journal  of  Studies  on  Alcohol  16:1-33,  1955. 
IWAMOTO,  E.T.,  WILLIAMSON,  E.C.  Nicotine-induced  taste  aversion:  Characteriza- 
tion and  preexposure  effects  in  rats.  Pharmacology  Biochemistry  and  Behavior 
21:527-532,  1984. 

JACOBSON,  N.L.,  JACOBSON,  A.A.,  RAY,  J.P.  Non-combustible  cigarette:  Alterna- 
tive method  of  nicotine  delivery.  (Abstract.)  Chest  76(3):355-356,  September  1979. 

JAFFE,  J.H.  Drug  addiction  and  drug  abuse.  In:  Gilman,  A.G.,  Goodman,  L.S.,  Rail, 
T.W.  Murad,  F.  (eds.)  Goodman  and  Gilman's  The  Pharmacologic  Basis  of 
Therapeutics,  Seventh  Edition.  New  York:  MacMillan  Publishing  Company,  1985, 
pp.  532-581. 

JAFFE,  J.H.,  JARVIK,  M.E.  Tobacco  use  and  tobacco  use  disorder.  In:  Lipton,  M.A., 
DiMascio,  A.,  KUlam,  K.F.  (eds.)  Psychopharmacology:  A  Generation  of  Progress. 
New  York:  Raven  Press,  1978,  pp.  1665-^1676. 

JARVIK,  M.E.,  CULLEN,  J.W.,  GRITZ,  E.R.,  VOGT,  T.M.,  WEST,  L.J.  (eds.)  Research 
on  Smoking  Behavior,  NIDA  Research  Monograph  17.  U.S.  Department  of  Health, 
Education,  and  Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental 
Health  Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No. 
(ADM)  78-581,  1977. 

JARVIK,  M.E.,  CLICK,  S.D.,  NAKAMURA,  R.K.  Inhibition  of  cigarette  smoking  by 
orally    administered    nicotine.    Clinical    PharmaeoU^   and  Therapeutics 

ll(4):574-576,  1970. 

JARVIK,  M.E.,  HENNINGFIELD,  J.E.  Pharmacological  treatment  of  tobacco  depen- 
dence. Pharmacology  Biochemistry  and  Behavior  30:279-294,  1988. 


226 


JARVIK,  M.E.,  POPEK,  P.,  SCHNEIDER,  N.G.,  BAER-WEISS,  V.,  GRITZ,  E.R.  Can 
cigarette  size  and  nicotine  content  influence  smoking  and  puffing  rates?  Psycho- 
pharmacology  58(3):303-306,  1978. 

JARVIS,  M.J.,  RAW,  M.,  RUSSELL,  M.A.H.,  FEYERABEND,  C.  Randomised 
controlled  trial  of  nicotine  chewing-gum.  British  Medical  Journal 
285(6341):537-540,  August  21,  1982. 

JARVIS,  M.J.,  TUNSTALL-PEDOE,  H.,  FEYERABEND,  C,  VESEY,  C,  SALOOJEE, 
Y.  Comparison  of  tests  used  to  distinguish  smokers  from  nonsmokers.  American 
Journal  of  Public  Health  77:1435-1438,  1987. 

JASINSKI,  D.R.  Opiate  withdrawal  syndrome:  Acute  and  protracted  aspects.  Annals 
of  the  New  York  Academy  of  Sciences  362:183-186,  1981. 

JASINSKI,  D;R.,  HENNINGFIELD,  J.E.  Conceptual  basis  of  replacement  therapies 
for  chemical  dependence.  In:  Pomerleau,  O.F.,  Pomerleau,  C.S.,  Fagerstrom,  K.-O., 
Henningfield,  J.E.,  Hughes,  J.R.  (eds.)  Nicotine  Replacement:  A  Critical  Evalu- 
ation. New  York:  Alan  R.  Liss,  1988,  pp.  13-34. 

JASINSKI,  D.R.,  JOHNSON,  R.E.,  HENNINGFIELD,  J.E.  Abuse  liability  assessment 
in  human  subjects.  Trends  in  Phcamacological  Sciences  5(5):196-200,  May  1984. 

JENKINS,  R.A.,  GAYLE,  T.M.  An  instrumental  cigarette  smoke  monitor  designed  for 
the  direct  measurement  of  smoke  particulate  matter  generated  in  human  smoking 
studies.  Behavior  Research  Methods,  Instruments,  and  Computers  16(3):263-267, 
1984. 

JOHNSTON,  L.M.  Tobacco  smoking  and  nicotine.  Lancet  2:742,  1942. 

JONES,  R.T.,  FARRELL,  T.R.  Ill,  HERNING,  R.I.  Tobacco  smoking  and  nicotine 
tolerance.  In:  Krasn^or,  N.A.  (ed.)  Self-Administration  of  Abused  Substances: 
Methods  for  Study,  NIDA  Research  Monograph  20.  U.S.  Department  of  Health, 
Education  and  Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental 
Health  Administration,  National  Institute  on  Drug  Abuse.  July  1978,  pp.  202-208. 

KALANT,  H.  Behavioral  criteria  for  tolerance  and  physical  dependence.  In:  Fishman, 
J.  (ed.)  The  Bases  of  Addiction  Berlin:  Dahlem  Konferenzen,  pp.199-220,  1978. 

KALANT,  H.,  LEBLANC,  A.E.,  GIBBONS,  R.J.  Tolerance  to,  and  dependence  on, 
some  non-opiate  psychotropic  dri^.  Pharmacological  Reviews  23(3): 135-191, 1971. 

KALES,  J.,  ALLEN,  C,  PRESTON,  T.A.,  TAN,  T.-L.,  KALES,  A.  Changes  in  REM 
sleep  and  dreaming  with  cigarette  smoking  and  following  withdrawal.  (Abstract). 
Psychophysiology  7(2):347-348,  September  1970. 

KALLMAN,  W.M.,  KALLMAN,  M.J.,  HARRY,  G.J.,  WOODSON,  P.P.,  ROSECRANS, 
JA.  Nicotine  as  a  discriminative  stimulus  in  human  subjects.  In:  C!olpaert,  F.C., 
Slangen,  J.L.  (eds.)  Drug  Discrimination:  Applications  in  CNS  Pharmacology. 
Amsterdam:  Elsevier  Biomedical  Press,  1982,  pp.  211-218. 

KARANd,  N.A.  Individual  nicotine  requirements:  The  relationship  between  differ- 
ences in  nicotine  intake  and  physiological  response.  Biological  Psychology 
21(l):27-42,  August  1986. 

KARRAS,  A.,  KANE,  J.M.  Naloxone  reduces  cigarette  smoking.  Life  Sciences 
27(17):1541-1545,  1980. 

KATZ,  J.L.,  GOLDBERG,  S.R.  Second-order  schedules  of  drug  injection:  Implications 
for  understanding  reinforcing  'effects  of  abused  drugs.  In:  Mello,  N.K-  (ed.) 
Advances  in  Substance  Abuse,  Volume  3.  Greenwich,  Connecticut:  JAI  Press,  Inc., 
in  press. 

KHOSLA,  T.,  LOWE,  C.R.  Obesity  and  smoking  habits.  British  Medical  Journal 

4(5778):10-13,  October  2,  1971. 
KLEINMAN,  K.M.,  VAUGHN,  R.L.,  CHRIST,  T.F.  Effect  of  cigarette  smoking  and 

smoking  deprivation  on  paired-associate  learning  of  high  and  low  meaningful 

nonsense  syllables.  Psychological  Report  32(3):963-966,  1973. 
KNAPP,  P.H.,  BLISS,  CM.,  WELLS,  H.  Addictive  aspects  in  heavy  cigarette  smokii^. 

American  Journal  of  Psychiatry  119(10):966-972,  April  1963. 


227 


KNOTT,  V.J.,  VENABLES,  P.H.  EEG  alpha  correlates  of  non-smokers,  smokers, 

smoking,  and  smoking  deprivation.  Psychophysiology  14(2):150-156,  1977. 
KNOTT,  V.J.,  VENABLES,  P.H.  Stimulus  intensity  control  and  the  cortical  evoked 

response  in  smokers  and  non-smokers.  Psychophysiology  15(3): 186-192,  May  1978. 
KNOTT,  VJ.,  VENABLES,  P.H.  EEG  alpha  correlates  of  alcohol  consumption  in 

smokers  and  nonsmokers.  Effects  of  smoking  and  smoking  deprivation.  Journal  of 

Studies  on  Alcohol  40(3):247-257,  March  1979. 
KOZLOWSKI,  L.T.  Effects  of  caffeine  consumption  on  nicotine  consumption.  Psycho- 
pharmacology  47(2):165-168,  1976. 
KOZLOWSKI,  L.T.  Psychosocial  influences  on  cigarette  smoking.  In:  Krasnegor,  N.A. 

(ed.)  The  Behavioral  Aspects  of  Smoking,  NIDA  Research  Monograph  26.  U.S. 

Department  of  Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol, 

Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug 

Abuse.  DHEW  Publication  No.  79-882,  1979,  pp.  99-125. 
KOZLOWSKI,  L.T.  Tar  and  nicotine  delivery  of  cigarettes:  What  a  difference  a  puff 

makes.  Journal  of  the  American  Medical  Association  245(2):158-159,  1981. 
KOZLOWSKI,  L.T.  Tar  and  Nicotine  Ratings  May  Be  Hazardous  to  Your  Health. 

Toronto:  Alchoholism  and  Drug  Addiction  Research  Foundation,  1982. 
KOZLOWSKI,  L.T.  Blocking  the  filter  vents  of  cigarettes.  (Letter).  Journal  of  the 

American  Medical  Association  256(23):3214,  December  19,  1986. 
KOZLOWSKI,  L.T.  Less  hazardous  smoking  and  the  pursuit  of  satisfaction.  American 

Journal  of  Public  Health  77(5):639-541,  May  1987. 
KOZLOWSKI,  L.T.,  JARVIK,  M.E.,  GRFTZ,  E.R.  Nicotine  relation  and  cigarette 

smoking.  Clinical  Pharmacology  and  Therapeutics  17:93-97,  January  1975. 
KOZLOWSKI,  L.T.,  RICKERT,  W.S.,  POPE,  M.A.,  ROBINSON,  J.C.  A  color-matching 

technique  for  monitoring  tar/nicotine  yields  to  smokers.  American  Journal  of 

Public  Health  72(6):597-599,  June  1982. 
KOZLOWSKI,  L.T.,  RICKERT,  W.S.,  POPE,  M.A.,  ROBINSON,  J.C,  FRECKER,  R.C. 

Estimating  the  yield  to  smokers  of  tar,  nicotine,  and  carbon  monoxide  from  tiie 

"lowest-yield"    ventilated   filter-cigarettes.    British   Journal   of  Addiction 

77(2):159-165,  June  1982. 
KOZLOWSKI,  L.T.,  WILKINSON,  D.A.  Use  and  misuse  of  the  concept  of  craving  by 

alcohol,  tobacco,  and  drug  researchers.  British  Journal  of  Addiction  82:31-36, 

1987. 

KRASNEGOR,  N.A.  (ed.)  Self-Administration  of  Abused  Substances:  Methods  for 
Study,  NIDA  Research  Monograph  20.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 

78-  727,  1978. 

KRASNEGOR,  N.A.  (ed.)  Behavioral  Analysis  and  Treatment  of  Substance  Abuse, 
NIDA  Research  Monograph  25.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Hetdth  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 

79-  839,  1979a. 

KRASNEGOR,  N.A.  (ed.)  7%e  Behavioral  Aspects  of  Smoking,  NIDA  Research 
Monograph  26.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-882,  1979b. 

KRASNEGrOR,  N.A.  (ed.)  Cigarette  Smoking  as  a  Dependence  Process,  NIDA  Research 
Monograph  23.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mentad  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-800,  1979c. 

KUMAR,  R.,  COOKE,  E.C.,  LADER,  M.H.,  RUSSELL,  M.A.H.  Is  nicotine  important  in 
tobacco  smoking?  Clinical  Pharmacology  and  Therapeutics  21(5):520-529,  May 
1977. 


228 


KUMAR,  R.,  PRATT,  J.A.,  STOLERMAN,  I.P.  Characteristics  of  conditioned  taste 
aversion  produced  by  nicotine  in  rats.  British  Journal  of  Pharmacology  79:245-253, 

1983. 

LANG,  W.J.,  LATIFF,  A.A.,  McQUEEN,  A.,  SINGER,  G.  Self-administration  of 

nicotine  with  and  without  a  food  delivery  schedule.  Pharmacology  Biochemistry 

and  Behavior  7(l):65-70,  June  1977. 
LANGLEY,  J.N.  On  the  reaction  of  cells  and  of  nerve-endings  to  certain  poisons, 

chiefly  as  regards  the  reaction  of  striated  muscle  to  nicotine  and  to  curari.  Journal 

of  Physiology  (London)  33:374-413,  1905. 
LARSON,  P.S.,  HAAG,  H.B.,  SILVETTE,  H.  Tobacco:  Experimental  and  Clinical 

Studies.  A  Comprehensive  Account  of  the  World  Literature.  Baltimore:  Williams 

and  Wilkins  Co.,  1961. 
LARSON,  P.S.,  SILVETTE,  H.  Tobacco.  Experimental  and  Clinical  Studies.  A 

Comprehensive  Account  of  the  World  Literature,  Supplement  L  Baltimore:  Williams 

and  Wilkins  Co.,  1968. 
LARSON,  P.S.,  SILVETTE,  H.  Tobacco.  Experimental  and  Clinical  Studies.  A 

Comprehensive  Account  of  the  World  Literature,  Supplement  II.  Baltimore: 

Williams  and  Wilkins  Co.,  1971. 
LARSON,  P.S.,  SILVETTE,  H.  Tobacco.  Experimental  and  Clinical  Studies.  A 

Comprehensive  Account  of  the  World  Literature,  Supplement  III.  Baltimore: 

Williams  and  Wilkins  Co.,  1975. 
LATIFF,  A.A.,  SMITH,  L.A.,  LANG,  W.J.  Effects  of  changing  dosage  and  urinary  pH 

in  rats  self-administering  nicotine  on  a  food  delivery  schedule.  Pharmacology 

Biochemistry  and  Behavior  13(2):209-213,  August  1980. 
LEVITT,  E.E.  Reasons  for  smoking  and  not  smoking  given  by  school  children.  Journal 

of  School  Health  41(2):  101-105,  February  1971. 
LEWIN,  L.  Phantastica:  Narcotic  and  Stimulating  Drugs,  Their  Use  and  Abuse. 

London:  Paul,  Trench,  Trubner,  1931. 
UCHTENSTEIN,  E.,  ANTONUCCIO,  D.O.  Dimensions  of  smoking  behavior.  Addic- 
tive Behaviors  6(4):365-367,  1981. 
LINCOLN,  J.E.  Weight  gain  after  cessation  of  smoking.  (Letter).  Journal  of  the 

American  Medical  Association  210(9):1765,  December  1,  1969. 
LOWE,  G.  Combined  effects  of  alcohol  and  nicotine  on  human  state-dependent 

learning.  IRCS  Medical  Science  13:813,  1985. 
LUCCHESI,  B.R.,  SCHUSTER,  C.R.,  EMLEY,  G.S.  The  role  of  nicotine  as  a 

determinant  of  cigarette  smoking  frequency  in  man  with  observations  of  certain 

cardiovascular  effects  associated  with  the  tobacco  alkaloid.  Clinical  Pharmacology 

and  Therapeutics  8(6):789-796,  November-December  1967. 
LUDWIG,  A.M.,  STARK,  L.H.  Alcohol  craving:  Subjective  and  situational  aspects. 

Quarterly  Journal  of  Studies  on  Alcohol  35:899-905,  1974. 
LUNDBERG,  J.M.,  MARTLING,  C.-R.,  SARIA,  A.,  FOLKERS,  K.,  ROSELL,  S. 

Cigarette  smoke-induced  airway  oedema  due  to  activation  of  capsaicin-sensitive 

vagal  afferents  and  substance  P  release.  Neuroscience  10(4):1361-1368,  1983. 
LUNDBERG,  J.M.,  SARIA,  A.,  MARTLING,  C.-R.  Capsaicin  pretreatment  abolishes 

cigarette  smoke-induced  oedema  in  rat  tracheo-bronchial  mucosa.  European 

Journal  of  Pharmacology  86(2):317-318,  December  24,  1982. 
MARLATT,  G.A.  Craving  notes.  British  Journal  of  Addiction  82(l):42-44,  1987. 
MARTIN,  J.E.,  PRUE,  D.M.,  COLLINS,  F.L.  Jr.,  THAMES,  C.J.  The  Effects  of 

Graduated  Filters  on  Smoking  Rate,  Topography  and  Carbon  Monoxide  Levels  in 

Smokers.  Paper  presented  before  the  Society  of  Behavioral  Medicine,  New  York, 

November,  1980. 

MARTIN,  W.R.  Assessment  of  Depressant  Abuse  Potentiality.  Baltimore:  University 
Park  Press,  1977,  pp.  9-15. 

MAUSNER,  J.S.  Cigarette  smoking  among  patients  with  respiratory  disease.  Ameri- 
can Review  of  Respiratory  Disease  102(2):704-713,  November  1970. 


229 


McBRIDE,  M.J.,  GUYATT,  A.R.,  KIRKHAM,  A.J.T.,  GUMMING,  G.  Assessment  of 

smoking  behaviour  and  ventilation  with  cigarettes  of  differing  nicotine  yi^ds. 

Clinical  Science  67(6):619-631,  December  1984. 
McMORROW,  M.J.,  FOXX,  R.M.  Nicotine's  role  in  smoking:  An  analysis  of  nicotine 

r^ation.  Psychological  Bulletin  93(2):302-327,  March  1983. 
MEDICAL  ECONOMICS  COMPANY.  Physician's  Desk  Reference.  Oradell,  New 

Jersey:  Medical  Economics  Company,  Inc.,  1988. 
MEDICI,  T.C.,  UNGER,  S.;  RtTEGGER,  M.  Smoking  pattern  of  smokers  with  and 

without  tobacco-smoke-related  lung  diseases.  American  Review  of  Respiratory 

Disease  131(3):386-388,  March  1985. 
MEISCH,  R.A.  Ethanol  self-administration:  Infrahuman  studies.  In:  Thompson,  T., 

Dews,  P.B.  (eds.)  Advances  in  Behavioral  Pharmacology,  V(dume  1..  New  York: 

Academic  Press,  1977,  pp.  35-84. 
MELLO,  N.K.  Theoretical  review:  A  review  of  methods  to  induce  alcohol  addiction  in 

aniinals.  Pharmacology  Biochemistry  and  Behavior  1:89-101,  1973. 
MELLO,  N.K.,  MENDELSON,  J.H.,  SELLERS,  M.L.,  KUEHNLE,  J.C.  Effects  of 

heroin  self-administration  on  cigarette  smoking.  Psychopharmacology  617:45-52, 

1980a. 

MELLO,  N.K.,  MENDELSON,  J.H.,  SELLERS,  M.L.,  KUEHNLE,  J.C.  Effect  of 
alcohol  and  marihuana  on  tobacco  smoking.  Clinical  Pharmacology  and  Therapeu- 
tics 27(2):202-209,  February  1980b. 

MINTZ,  M.  Tobacco  lawyer  said  to  concede  risk.  Alleged  comment  could  hurt  industry 
in  court;  R.J.  Reynolds  denies  report.  The  Washington  Post,  December  2, 1987,  pp. 
Fl,  F4. 

MINTZ,  J.,  BOYD,  G.,  ROSE,  J.E.,  CHARUVASTRA,  V.C.,  JARVIK,  M.E.  Alcohol 
increases  cigarette  smoking:  A  laboratory  demonstration.  Addictive  Behaviors 
10(3):203-207,  1985. 

MOODY,  P.M.  The  relationships  of  qualified  human  smoking  behavior  and  demo- 
graphic variables.  Social  Science  and  Medicine  14A(l):49-54,  January  1980. 

MOSS,  R.A.,  PRUE,  D.M.  Research  on  nicotine  regulation.  Behavior  Therapy 
13:31-46,  1982. 

MURPHEE,  H.B.,  SCHULTZ,  R.E.  Abstinence  effects  in  smokers.  (Abstract.)  Federal 

Proceedings  27(2):220,  March-April  1968. 
MYRSTEN,  A.-L.,  ELGEROT,  A.,  EDGRHSN,  B.  Effects  of  abstinence  from  tobacco 

smoking  on  physiological  and  psychological  arousal  levels  in  habitual  smokers. 

Psychosomatic  Medicine  39(l):25-38,  January-February  1977. 
MYRSTEN,  A.-L.,  POST,  B.,  FRANKENHAEUSER,  M.,  JOHANSSON,  G.  Changes  in 

behavioral  and  physiological  activation  induced  by  cigarette  smoking  in  habitual 

smokers.  Psycholpharmacologia  27(4):305-312,  1972. 
NARUSE,  T.,  ASAMI,  T.,  IKEDA,  N.,  OHMURA,  I.  Rapid  establishment  of  nicotine 

intravenous  self-administration  behavior  in  rats.  Yakubutsu,  Seishin,  Kodo 

6(3):367-371,  1986. 

NEMETH-CX)SLETT,  R.,  GRIFFITHS,  R.R.  Determinants  of  puff  duration  in  cigarette 
smokers:  I.  Pharmacology  Biochemistry  and  Behavior  20(6):965-971,  June  1984a. 

NEMETH-COSLETT,  R.,  GRIFFITHS,  R.R.  Determinants  of  puff  duration  in  cigarette 
smokers:  II.  Pharmacology  Biochemistry  and  Behavior  21(6):903-912,  December 
1984b. 

NEMETH-COSLETT,  R.,  GRIFFITHS,  R.R.  Effects  of  cigarette  rod  length  on  puff 

volume  and  carbon  monoxide  delivery  in  cigarette  smokers.  Dru^  and  Alcohol 

Dependence  15(1/2):1-13,  May  1985. 
NEMETH-COSLETT,  R.,  GRIFFITHS,  R.R.  Naloxone  does  not  affect  cigarette 

smoking.  Psychophannacology  89(3):261-264,  July  1986. 
NEMETH-(X)SLETT,  R.,  HENNINGFIELD,  J.E.  Effects  of  nicotine  chewing  guin  on 

cigarette  smoking  and  subjective  and  physiol(^c  effects.  Clinical  Pharmacology 

and  Therapeutics  39(6):625-630,  June  1986. 


230 


NEMETH-GOSLETT,  R.,  HENNINGFIELD,  J.E.,  O'KEEFE,  M.K.,  GRIFFITHS,  R.R. 

Effects  of  mecamylamine  on  human  cigarette  smoking  and  subjective  ratings. 
Psychopharmacology  88(4):420-425,  1986a. 

NEMETH-COSLETT,  R.,  HENNINGFIELD,  J.E.,  O'KEEFE,  M.K.,  GRIFFITHS,  R.R. 
Effects  of  marijuana  smoking  on  subjective  ratings  and  tobacco  smoking.  Pharma- 
cology Biochemistry  and  Behavior  25(3):659-665,  September  1986b. 

NEMETH-COSLETT,  R.,  HENNINGFIELD,  J.E.,  O'KEEFE,  M.K.,  GRIFFITHS,  R.R. 
Nicotine  gum:  Dose-related  effects  on  cigarette  smoking  and  subjective  ratings. 
Psychopharmacology  92(l):424-430,  May  1987. 

NIL,  R.,  BUZZI,  R.,  BATTIG,  K.  Effects  of  single  doses  of  alcohol  and  caffeine  on 
cigarette  smoke  puffing  behavior.  Pharmacology  Biochemistry  and  Behavior 
20(4):583-590,  April  1984. 

NIL,  R.,  BUZZI,  R.,  BATTIG,  K.  Effects  of  different  cigarette  smoke  yields  on  puffing 
and  inhalation:  Is  the  measurement  of  inhalation  volumes  relevant  for  smoke 
absorption?  Phannacology  Biochemistry  and  Behavior  24(3):587-595,  1986. 

NIL,  R.,  WOODSON,  P.P.,  BATTIG,  K.  Smoking  behavior  and  personality  patterns  of 
smokers  with  low  and  high  CO  absorption.  Clinical  Science  71(5):595-603, 
November  1986. 

NOPPA,  H.,  BENGTSSON,  C.  Obesity  in  relation  to  smoking:  A  population  study  of 
women  in  Goteborg,  Sweden.  Preventive  Medicine  9(4):534-543,  July  1986. 

OSSIP,  D.J.,  EPSTEIN,  L.H.  Relative  effects  of  nicotine  and  coffee  on  cigarette 
smoking.  Addictive  Behaviors  6:35-39,  1981. 

OSSIP-KLEIN,  D.J.,  EPSTEIN,  L.H.,  WINTER,  M.K.,  STILLER,  R.,  RUSSELL,  P., 
DICKSON,  B.  Does  switching  to  low  tar/nicotine/cai'bon  monoxide-yield  cigarettes 
decrease  alveolar  carbon  monoxide  measures?  A  randomized  controlled  trial. 
Journal  of  Consulting  and  Clinical  Psychology  51(2):234-241,  April  1983. 

OSSIP-KLEIN,  D.J.,  MARTIN,  J.E.,  LOMAX,  B.D.,  PRUE,  D.M.,  DAVIS,  C.J. 
Assessment  of  smoking  topography  generalization  across  laboratory,  clinical,  and 
naturalistic  settings.  Addictive  Behaviors  8(1):11-17,  1983. 

PALMERINO,  C.C.,  RUSINIAK,  K.W.,  GARCIA,  J.  Flavor-illness  aversions:  The 
peculiar  roles  of.  odor  and  taste  in  memory  for  poison.  Science  208:753-755,  1980. 

PARSONS,  L.C.,  AVERY,  S.,  CHRISTMAN,  S.,  HOPKINS,  J.,  SEAL,  M.  The  effects  of 
48  hour  nicotine  withdrawal  on  heart  rate  and  respiration  through  continuous 
monitoring  of  all  night  sleep  patterns  in  adult  females.  (Abstract.)  Virginia 
Journal  of  Science  26{2):92,  Summer  1975. 

PARSONS,  L.C.,  BELL,  N.,  COMER,  L.,  SWARTZ,  A.,  WEISSENBORN,  C.  The  effects 
of  short-term  nicotine  withdrawal  on  day  vigilance  as  measured  electrophysiologi- 
cally.  (Abstract.)  Virginia  Journal  of  Science  27(2):86,  Summer  1976. 

PARSONS,  L.C.,  HAMME,  S.  The  effects  of  nicotine  withdrawal  on  the  sleep  awake 
cycle.  (Abstract.)  Virginia  Journal  of  Science  27(2):86,  Summer  1976. 

PARSONS,  L.C.,  LUTTRELL,  N.,  GABE,  J.,  POLLOCK,  P.  The  effect  of  48  hour 
nicotine  withdrawal  on  all  night  sleep  patterns  in  adult  females.  Virginia  Journal 
of  Science  26(2):92,  Summer  1975. 

PEDERSON,  L.L.,  LEFCOE,  N.M.  A  psychological  and  behavioural  comparison  of  ex- 
smokers  and  smokers.  Journal  of  Chronic  Diseases  29(7):431-434,  July  1976. 

PERKINS,  K.A.,  EPSTEIN,  L.H.,  STILLER,  R.,  JENNINGS,  J.R.,  CHRISTIANSEN, 
C,  McCarthy,  T.  An  aerosol  spray  alternative  to  cigarette  smoking  in  the  study 
of  the  behavioral  and  physiological  effects  of  nicotine.  Behavior  Research  Methods, 
Instruments  and  Computers  18(5):420-426,  1986. 

PETERS,  R.,  McGEE,  R.  Cigarette  smoking  and  state-dependent  memory.  Psychophar- 
macology 76(3):232-235  March  1982. 

PICKWORTH,  W.B.,  HERNING,  R.L,  HENNINGFIELD,  J.E.  Mecamylamine  reduces 
some  EEG  effects  of  nicotine  chewing  gum  in  humans.  Pharmacology  Biochemistry 
and  Behavior  30:149-153,  1988. 


231 


POMERLEAU,  C.S.,  POMERLEAU,  O.F.,  MAJCHRZAK,  M.J.  Mecamylamine  pre- 

treatment  increases  subsequent  nicotine  self-administration  as  indicated  by 

changes  in  plasma  nicotine  level.  Psychopharmacology  91(3):391-393,  March  1987, 
POMERLEAU,  O.,  FERTIG,  J.,  SHANHAN,  S.  Nicotine  dependence  in  cigarette 

smoking:  An  empirically  based,  multivariate  model.  Pharmacology  Biochemistry 

and  Behavior  19(2):291-299,  August  1983. 
POMERLEAU,  O.F.,  POMERLEAU,  C.S.  Neuroregulators  and  the  reinforcement  of 

smoking:  Towards  a  biobehavioral  explanation.  Neuroscience  arid  Biobehavior 

Reviews  8:503-513,  1984. 
POUNSFORD,  J.C.,  SAUNDERS,  K.B.  Diurnal  variation  and  adaptation  of  the  cough 

response  to  citric  acid  in  normal  subjects.  Thorax  40(9):657-661;  September  1985. 
PRADA,  J.A.,  GOLDBERG,  S.R.  Effects  of  caffeine  or  nicotine  pretreatments  on 

nicotine  self-administration  by  the  squirrel  monkey.  (Abstract).  Pharmacologist 

27(3):226,  1985. 

PUUSTINEN,  P.,  OLKKONEN,  H.,  KOLONEN,  S.,  TUOMISTO,  J.  Microcomputer- 
assisted  measurement  of  inhalation  parameters  during  smoking.  Archives  of 
Toxicology  (Supplement  9):111-114,  1986. 

PUUSTINEN,  P.,  OLKKONEN,  H.,  KOLONEN,  S.,  TUOMISTO,  J.  Microcomputer- 
aided  measurement  of  puff  parameters  during  smoking  of  low-  and  medium-tar 
cigarettes.  Scandinavian  Journal  of  Clinical  Laboratory  Investigation  47:655-660, 
1987. 

RALL,  T.W.  Central  nervous  system  stimulants:  The  methylxanthines.  In:  Oilman, 
A.G.,  Goodman,  L.S.,  Rail,  T.W.,  Murad,  F.  (eds.)  Goodman  and  Oilman's  The 
Pharmacological  Basis  of  Therapeutics,  Seventh  Edition.  New  York:  Macmillan 
Publishing  Co.,  1985,  pp.  589-603. 

RAWBONE,  R.G.,  MURPHY,  K.,  TATE,  M.E.,  KANE,  S.J.  The  analysis  of  smoking 
parameters:  Inhalation  and  absorption  of  tobacco  smoke  in  studies  of  human 
smoking  behaviour.  In:  Thornton,  R.E.  (ed.)  Smoking  Behaviour.  Physiological  and 
Psychological  Influences.  Edinburgh:  Churchill  Livingstone,  1978,  pp.  171-194. 

REAVILL,  C,  STOLERMAN,  LP.,  KUMAR,  R.,  GARCHA,  H.S.  Chlorisondamine 
blocks  acquisition  of  the  conditioned  taste  aversion  produced  by  (-Vnicotine. 
Neuropharmacology  25(9):1067-1069,  September  1986. 

REEDER,  L.G.  Sociocultural  factors  in  the  etiology  of  smoking  behavior:  An 
assessment.  In:  Jarvik,  M.E.,  CuUen,  J.W.,  Gritz,  E.R.,  Vogt,  T.M.,  West,  L.J.  (eds.) 
Research  on  Smoking  Behavior,  NIDA  Research  Monograph  17.  U.S.  Department 
of  Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse, 
and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHEW 
Publication  No.  78-581,  1977,  pp.  186-200. 

RICHARDS,  J.W.  Cigarette  Smoking  and  Nicorette  Gum.  (Letter.)  Annals  of  Internal 
Medicine  106(3):482-483,  1987. 

RICKERT,  W.S.,  ROBINSON,  J.C.,  COLLISHAW,  N.E.,  BRAY,  D.F.  Estimating  the 
hazards  of  "less  hazardous"  cigarettes.  III.  A  study  of  the  effect  of  various  smoking 
conditions  on  yields  of  hydrogen  cyanide  and  cigarette  tar.  Journal  of  Toxicology 
and  Environmental  Health  12(l):39-54,  July  1983. 

RISNER,  M.E.,  GOLDBERG,  S.R.  A  comparison  of  nicotine  and  cocaine  self-adminis- 
tration in  the  dog:  Fixed-ratio  and  progressive-ratio  schedules  of  intravenous  drug 
infusion.  Journal  of  Pharmacology  and  Experimental  Therapeutics  224(2):319-326, 
February  1983. 

R.J.  REYNOLDS  TOBACCO  COMPANY.  Smoking  article.  European  patent  applica- 
tion no.  0174645,  filed  Sept.  11,  1985. 

R.J.  REYNOLDS  TOBACCO  COMPANY.  Smoking  article.  European  patent  applica- 
tion no.  0212234,  filed  July  14,  1986. 

HODENSTEIN,  D.O.,  STANESCU,  D.C.  Pattern  of  inhalation  of  tobacco  smoke  in 
pipe,  cigarette,  and  never  smokers.  American  Review  of  Respiratory  Disease 
132(3):628-632,  September  1985. 


232 


ROSEi  J.E.  Discriminability  of  nicotine  in  cigarette  smoke:  Implications  for  titration. 

Addictive  Behaviors  9(2): 189-193,  1984. 
ROSE,  J.E.,  BEHM,  P.M.  Refined  cigarette  smoke  as  a  method  for  reducing  nicotine 

intiake.  Pharmacology  Biochemistry  and  Behavior  28:305-310,  1987. 
ROSE,  J.E.,  HICKMAN,  C.S.  Citric  acid  aerosol  as  a  potential  smoking  cessation  aid. 

Chest  92(6):  1005-1008,  December  1987. 
ROSE,  J.E.,  SAMPSON,  A.,  HENNINGFIELD,  J.E.  Blockage  of  smoking  satisfaction 

with  mecamylamine.  Papier  presented  to  the  American  Psychol(^cal  Association, 

Los  Angeles,  California,  August  26,  1985. 
ROSE,  J.E.,  TASHKIN,  D.P.,  ERTLE,  A.,  ZINSER,  M.C.,  LAFER,  R.  Sensory  blockade 

of  smoking  satisfaction.  Pharmacology  Biochemistry  and  Behavior  23(2):289-293, 

August  1985. 

ROSE,  J.E.,  ZINSER,  M.C.,  TASHKIN,  D.P.,  NEWCOMB,  R.,  ERTLE,  A.  Subjective 
response  to  cigarette  smoking  following  airway  anesthetization.  Addictive  fieAay- 
iore  9(2):211-215,  1984, 

ROSECRANS,  J.A.,  CHANCE,  W.T.  Cholinergic  and  non-cholinergic  aspects  of  the 
discriminative  stimulus  properties  of  nicotine.  In:  Lai,  H.  (ed.)  Discriminative 
Stimulus  Properties  of  Drugs.  New  York:  Plenum  Publishing  Company,  1977,  pp. 
155-185. 

ROSECRANS,  J.A.,  KALLMAN,  M.J.,  GLENNON,  R.  The  nicotine  cue:  An  overview. 
In:  Colpaert,  F.C.,  Rosecrans,  J.A.  (eds.)  Stimulus  Properties  of  Drugs:  Ten  Years  of 
Progress.  Amsterdam:  Elsevier/North-HoUand  Biomedical  Press,  1978,  pp.  69-81. 

ROSECRANS,  J.A.,  MELTZER,  L.T.  Central  sites  and  mechanisms  of  action  of 
nicotine.  Neuroscience  and  Biobehavioral  Reviews  5(4):497-501,  Winter  1981. 

ROSECRANS,  J.A.,  SPENCER,  R.M.,  KRYNOCK,  G.M.,  CHANCE,  W.T.  Discrimina- 
tive stimulus  properties  of  liicotine  and  nicotine^related  compounds.  In:  Battag,  K. 
(ed.)  International  Workshop  on  Behavioral  Effects  of  Nicotine.  Basel:  S.  Karger, 
1978,  pp.  70-82. 

ROSENBERG,  J.,  BENOWTTZ,  N.L.,  JACOB,  P.,  WILSON,  K.M.  Disposition  kinetics 
and  effects  of  intravenous  nicotine.  Clinical  Pharmacology  and  Therapeutics 
28(4):517-522,  October  1980. 

RUSSELL,  M.A.H.  Cigarette  smoking:  Natural  history  of  a  dependence  disorder. 
British  Journal  of  Medical  Psychology  44(1):1-16,  May  1971. 

RUSSELL,  M.A.H.  Tobacco  smoking  and  nicotine  dependence.  In:  Gibbins,  R.J.,  Israel, 
Y.,  Kalant,  H.,  Popham,  R.E.,  Schmidt,  W.,  Smart,  R.G.  (eds.)  Research  Advances  in 
Alcohol  and  Drug  Problems,  Volume  3.  New  York:  John  Wiley  and  Sons,  1976,  pp. 
1-47. 

RUSSELL,  M.A.H.  Tobacco  dependence:  Is  nicotine  rewarding  or  aversive?  In: 
Krasnegor,  N.A.  (ed.)  Cigarette  Smoking  as  a  Dependence  Process,  NIDA  Research 
Monograph  23.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  79-800,  1979,  pp.  100-122. 

RUSSELL,  M.A.H.  Conceptual  framework  for  nicotine  substitution.  In:  Ockene,  J.K. 
(ed.)  The  Pharmacologic  Treatment  of  Tobacco  Dependence:  Proceedings  of  the 
World  Congress.  Cambridge,  Massachusetts:  Institute  for  the  Study  of  Smoking 
Behavior  and  Policy,  1986,  pp.  90-107. 

RUSSELL,  M.A.H.  Nicotine  replacement:  The  role  of  blood  nicotine  levels,  their  rate 
of  change,  and  nicotine  tolerance.  Pomerleau,  O.F.,  Pomerleau,  C.S.,  Fagerstrom, 
K.O.,  Henningfield,  J.E.,  Hughes,  J.R.  (eds.)  Nicotine  Replacement.  A  Critical 
Evaluation.  New  York:  Alan  R.  Liss,  Inc.,  1988,  pp.  63-94. 

RUSSELL,  M.A.H.,  COLE,  P.V.,  IDLE,  M.S.,  ADAMS,  L.  Carbon  monoxide  yields  of 
cigarettes  and  their  relation  to  nicotine  yield  and  type  of  filter.  British  Medical 
Journal  3(5975):71-73,  July  12,  1975. 


233 


RUSSELL,  M.A.H.,  JARVIS,  M.J.,  FEYERABEND,  C,  FERNO,  O.  Nasal  nicotine 

solution:  A  potential  aid  to  giving  up  smoking?  British  Medical  Journal 

286(6366):683-684,  February  26,  1983. 
RUSSELL,  M.A.H.,  JARVIS,  M.,  IYER,  R.,  FEYERABEND,  C.  Relation  of  nicotine 

yield  of  cigarettes  to  blood  nicotine  concentrations  in  smokers.  British  Medical 

Journal  280:972-976,  1980. 
RUSSELL,  M.A.H.,  JARVIS,  M.J.,  SUTHERLAND,  G.,  FEYERABEND,  G.  Nicotine 

replacement  in  smoking  cessation:  Absorption  of  nicotine  vapor  from  smoke-free 

cigarettes.  Journal  of  the  American  Medical  Association  257(23):3262-3265,  June 

19,  1987. 

RUSSELL,  M.A.H.,  SUTTON,  S.R.,  FEYERABEND,  C,  SALOOJEE,  Y.  Smoker's 
response  to  shortened  cigarettes:  Dose  reduction  without  dilution  of  tobacco  smoke. 
Clinical  Pharmacology  and  Therapeutics  27(2):210-218,  February  1980. 

RUSSELL,  M.A.H.,  SUTTON,  S.R.,  IYER,  R.,  FEYERABEND,  C,  VESEY,  C.J.  Long- 
term  switching  to  low-tar  low-nicotine  cigarettes.  British  Journal  of  Addiction 
77(2):  145-158,  June  1982. 

RUSSELL,  M.A.H.,  WILSON,  G.,  FEYERABEND,  G.,  GOLE,  P.V.  Effect  of  nicotine 
chewing  gum  on  smoking  behaviour  and  as  an  aid  to  cigarette  withdrawal.  British 
Medical  Journal  2(6032):391-395,  August  14,  1976. 

RUSSELL,  P.O.,  EPSTEIN,  L.H.,  DIGKSON,  B.E.  Behavioral  and  physiological  effects 
of  low-nicotine  cigarettes  during  rapid  smoking.  Journal  of  Consulting  and 
Clinical  Psychology  51(2):312,  1983. 

SGHAGHTER,  S.,  KOZLOWSKI,  L.T.,  SILVERSTEIN,  B.  Studies  on  the  Interaction  of 
Psychological  and  Pharmacological  Determinants  of  Smoking.  The  effects  of 
urinary  pH  on  cigarette  smoking.  Journal  of  Experimental  Psychology 
106(1):13-19,  1977. 

SGHEGHTER,  M.D.  Effect  of  fenfluramine  and  nicotine  upon  a  stimulant-depressant 
continuum.  Pharmacology  Biochemistry  and  Behavior  15:371-375,  1981. 

SGHEGHTER,  M.D.,  RAND,  M.J.  Effect  of  acute  deprivation  of  smoking  on  ^ression 
and  hostility.  Psychopharmacologia  35:19-28,  1974. 

SCHNEIDER,  N.G.,  JARVIK,  M.E.  Time  course  of  smoking  withdrawal  symptoms  as 
a  function  of  nicotine  replacement.  Psychophannacology  82(1/2):143-144,  Decem- 
ber 1984. 

SGHNEIDER,  N.G.,  JARVIK,  M.E.,  FORSYTHE,  A.B.  Nicotine  gum  vs.  placebo  gum 
in  the  alleviation  of  withdrawal  during  smoking  cessation.  Addictive  Behaviors 

9(2):149-156,  1984. 

SGHULZ,  W.,  SEEHOFER,  F.  Smoking  behaviour  in  Germany— the  analysis  of 
cigarette  butts  (KIP A).  In:  Thornton,  R.E.  (ed.)  Smoking  Behaviour:  Physiological 
and  Psychological  Influences.  Edinburgh:  Ghurchill  Livingstone,  1978. 

SGHUMAN,  L.M.  Patterns  of  smoking  behavior.  In:  Jarvik,  M.E.,  GuUen,  J.W.,  Gritz, 
E.R.,  Vogt,  T.M.,  West,  L.J.  (eds.)  Research  on  Smoking  Behavior,  NIDA  Research 
Monograph  17.  U.S.  Department  of  Health,  Education  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DREW  Publication  No.  (ADM)  78-581,  1977,  pp.  36-66. 

SGHWARTZ,  J.L.  Review  and  Evaluation  of  Smoking  Cessation  Methods:  The  United 
States  and  Canada,  1978-1985.  U.S.  Department  of  Health  and  Human  Services, 
Public  Health  Service,  National  Institutes  of  Health.  NIH  Publication  No.  87-2940, 
April  1987. 

SEPKOVIG,  D.W.,  GOLOSIMO,  S.G.,  AXELRAD,  C.M.,  ADAMS.  J.D.,  HALEY,  N.J. 

The  delivery  and  uptake  of  nicotine  from  an  aerosol  rod.  American  Journal  of 

Public  Health  76(11):1343-1344,  November  1986. 
SHEAHAN,  N.F.,  PA  VIA,  D.,  BATEMAN,  J.R.M.,  AGNEW,  J.E.,  GLARKE,  S.W.  A 

technique  for  monitoring  the  inhalation  of  cigarette  smoke  in  man,  using  Krypton- 

81  m.  International  Journal  of  Applied  Radiation  arid  Isotopes  31(7):438-441,  July 

1980. 


234 


SHEPHARD,  R.A.  Neurotransmitters,  anxiety  and  benzodiazepines:  A  behavioral 

,  review.  Neuroscience  and  Biobehavioral  Reviews  10:449-461,  1986. 
SHIFFMAN,  S.  Craving:  Don't  let  us  throw  the  baby  out  with  the  bathwater.  British 

Journal  of  Addiction  82(l):37-38,  1987. 
SHIFFMAN,  S.M.  The  tobacco  withdrawal  syndrome.  In:  Krasnegor,  N.A.  (ed.) 

Cigarette  Smoking  as  a  Dependence  Process,  NIDA  Research  Monograph  23.  U.S. 

Department  of  Health  and  Hiunan  Services,  Public  Health  Service,  Alcohol,  Drug 

Abuse,  and  Mental  Health  Administration,  Nation^  Institute  on  Drug  Abuse. 

DHHS  Publication  No.  (ADM)  84-800,  1979,  pp.  158-185. 
SHIFFMAN,  S.,  JARVIK,  M.E.  Smoking  withdrawal  symptoms  in  two  weeks  of 

abstinence.  Psychophamuicology  50:35-39,  1976. 
SINGER,  G.;  SIMPSON,  F.,  LANG,  W.J.  Schedule  induced  self  iAjections  of  nicotine 

with  recovered  body  weight.  Pharmacology  Biochemistry  and  Behavior  9(3, 

Supplement):387-389,  September  1978. 
SINGER,  G.,  WALLACE,  M.,  HALL,  R.  Effects  of  dopamineigic  nucleus  accuinbens 

lesions  on  the  acquisition  of  schedule  induced  self  injection  of  nicotine  in  the  rat. 

Pharmacology  Biochemistry  and  Behavior  17(3):579-581,  September  1982. 
SKINNER,  B.F.  Science  and  Human  Behavior.  New  York:  MacMillan,  1953. 
SLADE:,  J.  Alternative  nicotine  delivery  systems  (ANDS).  Cancer  Update  7(1):1,  Fall 

1986. 

SLADE,  J.,  CONNOLLY,  G.  Nicotine  from  aerosol  rod.  (Letter.)  American  Journal  of 

Public  Health  77(9):1229,  September  1987. 
SLIFER,  B.L.,  BALSTER,  R.L.  Intravenous  self-administration  of  nicotine:  With  and 

without  schedule-induction.  Pharmacology  Biochemistry  and  Behavior  22(l):61-69, 

January  1985. 

SMITH,  L.A.,  LANG,  W.J.  Changes  occurring  in  self  administration  of  nicotine  by  rats 
over  a  28-day  period.  Phcarnacology  Biochemistry  and  Behavior  13(2):215-220, 
August  1980. 

SNYDER,  F.R.,  HENNINGFI^D,  J  JS.  Efifects  of  nicotine  administration  following  12 

hours  of  tobacco  deprivation:  Assessment  on  computerized  performapce  tasks. 

Psychophamuicology,  in  press. 
SOLDATOS,  C.R.,  KALES,  J.D.,  SCHARF,  M.B.,  BDCLER,  E.O.,  KALES,  A.  Cigarette 

smoking  associated  with  sleep  difficulty.  Science  207(4430>.551-553,  February  1, 

1980. 

SPEALMAN,  R.D.,  GOLDBERG,  S.R.  Maintenance  of  schedule-controlled  behavior  by 

intravenous  ii^ections  of  nicotine  in  squirrel  monkeys.  Journal  of  Pharmacology 

and  Experimental  Therapeutics  223(2):402-408,  1982. 
STEPNEY,  R.  Would  a  medium-nicotine,  low-tar  cigarette  be  less  hazardous  to 

health?  British  Medical  Journal  283(6302):1292-1303,  November  14,  1981. 
STTTZER,  M.L.,  GROSS,  J.  Smoking  relapse:  The  role  of  pharmacological  and 

behavioral  factors.  In:  Pomerleau,  O.F.i  Pomerleau,  C.S.  Fagerstrom,  K.O., 

Henningfield,  J.E.,  Hughes,  J.R.  (eds,)  Nicotine  Replacement:  A  Critical  Evalu- 

ation.  New  York:  Alan  R.  Uss,  Inc.,  1988,  pp.  163-184. 
STOCKWELL,  T.  Is  there  a  better  word  than  "craving"?  British  Journal  of  Addiction 

82(l):44-45,  1987. 

STOLERMAN,  LP.  Characterization  of  central  nicotinic  receptors  by  studies  on  the 
nicotine  cue  and  conditioned  taste  aversion  in  rats.  Pharmacology  Biochemistry 
and  Behavior,  in  press. 

STOLERMAN,  LP.,  GOLDFARB,  T.,  FINK,  R.,  JARVIK,  M.E.  Influencing  cigarette 
smoking  with  nicotine  antagonists.  Psychopharmacologia  28(3):247-259,  1973. 

STOLERMAN,  I  P.,  KUMAR,  R.,  PRATT,  J.A.,  REAVILL,  C.  Discriminative  stimulus 
effects  of  nicotine:  Correlation  with  binding  studies.  In:  Martin,  W.R.,  Van  Loon, 
G.R.>  Iwamoto,  E.T.,  Davis,  L.  (eds.)  Tobacco  Smoking  and  Nicotine.  A  Neurobiologi- 
cal  Approach.  New  York:  Plenum  Press,  1987,  pp.  113-124. 


235 


STOLERMAN,  I.P.,  PRATT,  J.A.,  GARCHA,  H.S.  Further  analysis  of  the  nicotine  cue 
in  rats.  In:  Colpaert,  F.C.,  Slangen,  J.L.  (eds.)  Drug  Discrimination:  Applications  in 
CNS  Pharmacology.  Amsterdam:  Elsevier  Biomedical  Press,  1982,  pp.  203-210. 

SUEDFELD,  P.,  IKARD,  F.F.  Use  of  sensory  deprivation  in  facilitating  the  reduction 
of  cigarette  smoking.  Journal  of  Consulting  and  Clinical  Psychology  42(6):888-895, 
1974. 

SUTTON,  S.R.,  FEYERABEND,  C,  COLE,  P.V.,  RUSSELL,  M.A.H.  Adjustment  of 
smokers  to  dilution  of  tobacco  smoke  by  ventilated  cigarette  holders.  Clinical 
Pharmacology  and  Therapeutics  24(4):395-405,  1978. 

SUTTON,  S.R.,  RUSSELL,  M.A.H.,  IYER,  R.,  FEYERABEND,  C,  SALOOJEE,  Y. 
Relationship  between  cigarette  yields,  puffing  patterns,  and  smoke  intake: 
Evidence  for  tar  compensation?  British  Medical  Journal  285(6342):600-603, 
August  28-September  4,  1982. 

SUZUKI,  T.,  MASUKAWA,  Y.,  YOSHII,  T.,  KAWAI,  T.,  YANAURA,  S.  Effect  of 
methamphetamine  or  preference  for  morphine  in  rats.  Folia  Pharmacologica 
japan  81:459-468,  1983. 

SWEDBERG,  M.D.B.,  HENNINGFIELD,  J.E.,  GOLDBERG,  S.R.  Evidence  of  nicotine 
dependency  from  animal  studies:  Self-administration.  Tolerance  and  withdrawal. 
In:  Russell,  M.A.H.,  Stolerman,  LP.,  Wannacott,  S.  (eds.)  Nicotine:  Actions  and 
Medical  Implications.  Oxford:  Oxford  University  Press,  in  press. 

TAKADA,  K.,  HAGEN,  T.J.,  COOK,  J.M.,  GOLDBERG,  S.R.,  KATZ,  J.L.  Discrimina- 
tive stimulus  effects  of  intravenous  nicotine  in  squirrel  monkejrs.  Pharmacology 
Biochemistry  and  Behavior  30:243-247,  1988. 

TAYLOR,  P.  Cholinergic  agonists.  In:  Oilman,  A.G.,  Goodman,  L.S.,  Rail,  T.W., 
Murad,  F.  (eds.)  Goodman  and  Oilman's  The  Pharmacological  Basis  of  Therapeu- 
tics, Seventh  Edition,  1985a,  pp.  100-109. 

TAYLOR,  P.  Gai^lionic  stimulating  and  blocking  agents.  In:  GUman,  A.G.,  Goodman, 
L.S.,  Rail,  T.W.,  Murad,  F.  (eds.)  Goodman  and  Oilman's  The  Pharmacological 
Basis  of  Therapeutics,  Seventh  Edition.  New  York:  MacMillan  Publishing  Compa- 
ny, 1985b,  pp.  215-221. 

THOMPSON,  T.,  SCHUSTER,  C.R.  Morphine  self-administration,  food-reinforced  and 
avoidance  behaviors  in  rhesus  monkeys.  Psychopharmacologia  5:87-94,  1964. 

THOMPSON,  T.,  SCHUSTER,  C.R.  Behavioral  Pharmacology  Englewood  Cliffs,  New 
Jersey:  Prentice-Hall,  1968. 

THOMPSON,  T.,  UNNA,  K.R.  (eds.)  Predicting  Dependence  Liability  of  Stimulant  and 
Depressant  Drugs.  Baltimore:  University  Park  Press,  1977. 

TOBAOX)  INTERNATIONAL.  A  new  form  of  chewable  tobacco:  Pinkerton  Tobacs. 
April  17,  1987,  p.  26. 

TOBACCO  REPORTER.  Papers,  filters,  tipping.  What's  new  for  cigarettes.  Tobacco 
Reporter  112(4):29-34,  April  1985. 

TOBIN,  M.J.,  JENOURI,  G.,  SACKNER,  M.A.  Subjective  and  objective  measurement 
of  cigarette  smoke  inhalation.  Chest  82(6):696-700,  December  1982. 

TOBIN,  M.J.,  SACKNER,  M.A.  Monitoring  smoking  patterns  of  low  and  high  tar 
cigarettes  with  inductive  plethysmography.  American  Review  of  Respiratory 
Disease  126(2):258-264,  August  1982. 

TONNESEN,  P.,  FRYD,  V.,  HANSEN,  M.,  HELSTED,  J.,  GUNNERSEN,  A.B., 
FORCHAMMER,  H.,  STOCKNER,  M.  Effect  of  nicotine  chewing  gum  in  combina- 
tion with  group  counseling  on  the  cessation  of  smoking.  New  England  Journal  of 
Medicine  318:15-18,  1988. 

TRAHIR,  R.C.S.  Giving  up  cigarettes:  222  case  studies.  Medical  Journal  of  Australia 
l(18):929-932.  May  6,  1967. 

ULETT,  J.A.,  ITIL,  T.M.  Quantitative  electroencephalogram  in  smoking  and  smoking 
deprivation.  Science  164(3882):969-970,  May  1969. 


236 


U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences  of  Smoking:  The  Changing  Cigarette.  A  Report  of  the  Surgeon  General.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Office  of  the 

,  Assistant  Secretary  for  Health,  Office  on  Smoking  and  Health.  DHEW  Publication 
No.  (PHS)  81-50156,  1981. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Smoking:  Cancer.  A  Report  of  the  Surgeon  General.  U.S.  Department  of 
Health  and  Humsui  Services,  Public  Health  Service,  Office  of  the  Assistant 
Secretary  for  Health,  Office  on  Smoking  and  Health.  DHHS  Publication  No.  (PHS) 
82-50179,  1982. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Involuntary  Smoking:  Cardiovascular  Disease.  A  Report  of  the  Surgeon 
General.  U.S.  Department  of  Health  and  Human  Services,  PubUc  Health  Service, 
Office  on  Smoking  and  Health.  DHHS  Publication  No.  (PHS)  84-50204,  1983. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Smoking.  Chronic  Obstructive  Lung  Disease.  A  Report  of  the  Surgeon 
General.  U.S.  Department  of  Health  and  Human  Services,  Public  Health  Service, 
Office  on  Smoking  and  Health.  DHHS  Publication  No.  (PHS)  84-50205,  1984. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Smoking.  Cancer  and  Chronic  Lung  Disease  in  the  Workplace.  A  Report 
of  the  Surgeon  General.  U.S.  Department  of  Health  and  Human  Services,  Public 
Health  Service,  Office  on  Smoking  and  Health.  DHHS  Publication  No.  (PHS)  85- 
50207,  1985. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Involuntary  Smoking.  A  Report  of  the  Surgeon  General.  U.S.  Depart- 
ment of  Health  and  Human  Services,  Public  Health  Service,  (Denters  for  Disease 
Control,  Office  on  Smoking  and  Health.  DHHS  Publication  No.  (CDQ  87-8398, 
1986a. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Using  Smokeless  Tobacco.  A  Report  of  the  Advisory  Committee  to  the 
Surgeon  General.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  National  Institutes  of  Health.  NIH  Publication  No.  86-2874,  1986b. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  Adult  Use  of  Tobacco 
Survey,  1986.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Centers  for  Disease  Control,  Office  on  Smoking  and  Health,  1986c. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  Drug  Abuse  and  Drug 
Abuse  Research.  The  Second  Triennial  Report  to  Congress  from  the  Secretary.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  Publication  No.  (ADM)  87-1486,  1987a. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  Cigarette  smoking  in 
the  United  States,  1986.  Morbidity  and  Mortality  Weekly  Report  36(36):581-585, 
September  11,  1987b. 

U.S.  DEPARTMENT  OF  HEALTH,  EDUCATION,  AND  WELFARE.  Smoking  and 
Health.  Report  of  the  Advisory  Committee  to  the  Surgeon  General  of  the  Public 
Health  Service.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service.  DHEW  Publication  No.  (PHS)  1103,  1964. 

U.S.  DEPARTMENT  OF  HEALTH,  EDUCATION,  AND  WELFARE.  Smoking  and 
Health.  A  Report  of  the  Surgeon  General  U.S.  Department  of  Health,  Education, 
and  Welfare,  Public  Health  Service,  Office  of  the  Assistant  Secretary  for  Health, 
Office  on  Smoking  and  Health.  DHEW  PubUcation  No.  (PHS)  79-50066,  1979. 

U.S.  FOOD  AND  DRUG  ADMINISTRATION.  Action  on  Smoking  and  Health  vs. 
Harris,  1980. 

U.S.  FOOD  AND  DRUG  ADMINISTRATION.  Letter  to  Congressman  Waxman, 

September  29,  1987. 


237 


WACK,  J.T.,  RODIN,  J.  Smokir^  and  its  effect  on  body  weight  and  the  system  of 
caloric  r^^ation.  The  American  Journal  of  Clinical  Nutrition  35(2):d66-380, 
February  1982. 

WARBURTON,  D.M„  WESNES,  K.,  SHERGOLD,  K.,  JAMES,  M.  Facilitation  of 
learning  and  state  dependency  with  nicotine.  Psychopharmacology  89(l):55-59, 
May  1986. 

WEEKS,  J.R.  Experimental  morphine  addiction:  Method  for  automatic  intravenous 

injections  in  unrestrained  rats.  Science  138(3537): 143-144,  October  12,  1962. 
WESNES,  K.,  WARBURTON,  D.M.  Smoking,  nicotine  and  human  performance.  In: 

Balfour,  D.J.K.  (ed.)  Nicotine  and  the  Tobacco  Smoking  Habit.  Oxford:  Pergamon 

Press,  1984,  pp.  133-152. 
WEST,  R.  Use  and  misuse  of  craving.  British  Journal  of  the  Addictions  82(1):39-41, 

1987. 

WEST,  R.J.  Psychology  and  pharmacology  in  cigarette  withdrawal.  Journal  of 

Psychosomatic  Research  28(5):379-386,  1984. 
WEST,  R.J.,  JARVIS,  M.J.,  RUSSELL,  M.A.H.,  CARRUTHERS,  MJl.,  FEYERA- 

BEND,  C.  Effects  of  nicotine  replacement  on  the  cigarette  withdrawal  syndrome. 

British  Journal  of  Addiction  79(2):215-219,  June  1984. 
WEST,  R.J.,  RUSSELL,  M.A.H.  Effects  of  withdrawal  from  long-term  nicotine  gum 

use.  Psychohguxd  Medicine  15(4):891-893,  November  1985a. 
WEST,  R.J.,  RUSSELL,  M.A.H.  Pre-abstinence  smoke  intake  and  smoking  motivation 

as  predictors  of  severity  of  cigarette  withdrawal  symptoms.  Psychopharmacology 

87(3):334-336,  November  1985b. 
WEST,  R.J.,  RUSSELL,  M.A.H.  Cardiovascular  and  subjective  effects  of  smoking 

before  and  after  24  h  of  abstinence  from  cigarettes.  Psychopharmacology 

92:118-121,  1987. 

WEST,  R-J.,  RUSSELL,  M.A.H.,  JARVIS,  M.J.,  FEYERABEND,  C.  Does  switching  to 
an  ultra-low  nicotine  cigarette  induce  nicotine  withdrawal  effects?  Psychopharma- 
cology  84(1):120-123,  September  1984. 

WEST,  R.J.,  RUSSELL,  MA.H.,  JARVIS,  MJ.,  PIZZEY,  T.,  KADAM,  B.  Urinary 
adrenaline  concentrations  during  10  days  of  smoking  abstinence.  Psychopharma- 
cology 84(1): 141-142,  September  1984. 

WEST,  R.J.,  SCHNEIDER,  N.  Craving  for  cigarettes.  British  Journal  of  the  Addiction 
82(4):375-384,  April  1987. 

WEST,  R.R.,  EVANS,  D.A.  Lifestyle  changes  in  long  term  survivors  of  acute 
myocardial  infarction.  Journal  of  Epidemiology  and  Community  Health  40:103- 
109,  1986. 

WEYBREW,  B.B.,  STARK,  J.E.  Psychological  and  PhysioU^ical  Changes  Associated 

with  Deprivation  from  Smoking,  U.S.  Naval  Submarine  Medical  Center  Report  No. 

490.  Bureau  of  Medicine  and  Surgery,  Navy  Department,  1967. 
WIKI^^  A.  Conditioning  factors  in  opiate  addiction  and  relapse.  In:  WUner,  D.M., 

Kassebaum,  G.G.  (eds.)  Narcotics.  New  York:  McGraw-Hill,  1965,  pp.  85-100. 
WINDHOLZ,  M.,  BUDAVARI,  S.,  STROUMTSOS,  L.Y.,  FERTIG,  M.N.  The  Merck 

Index.  Rahway,  New  Jersey:  Merck  and  Co.,  1976. 
WISE,  R.A.,  YOKEL,  R.A.,  DEWTT,  H.  Both  positive  reinforcement  and  conditioned 

aversion  from  amphetamine  and  from  apomorphine  in  rats.  Science  191:1273-1275, 

March  1976. 

WOODMAN,  G.,  NEWMAN,  S.P.,  PAVIA,  D.,  CLARKE,  S.W.  Temperature  and 

calibration  corrections  to  puff  volume  measurements  in  cigarette  smoking.  Physics 
in  Medicine  and  Biology  29(11):1437-1440,  November  1984. 
WOODMAN,  G.,  NEWMAN,  S.P.,  PAVIA,  D.,  CLARKE,  S.W.  Inhaled  smoke  volume, 
puffing  indices  and  carbon  monoxide  uptake  in  asymptomatic  cigarette  smokers. 
Clinical  Science  71(4):421-427,  October  1986. 


238 


WOODMAN,  G.,  NEWMAN,  S.P.,  PA  VIA,  D.,  CLARKE,  S.W.  Inhaled  smoke  volume 
and  puff  indices  with  cigarettes  of  different  tar  and  nicotine  levels.  European 
Journal  of  Respiratory  Diseases  70:187-192,  1987. 

WOODS,  J.H.,  KATZ,  J.L.,  WINGER,  G.  Abuse  liability  of  benzodiazepines.  Pharma- 
cological Reviews  39:251-413,  1987. 

WYNDER,  E.L.,  KAUFMAN,  P.L.,  LESSER,  R.L.  A  short-term  follow-up  study  on  ex- 
cigarette  smokers.  American  Review  of  Respiratory  Disease  96(4):645-655,  October 
1967. 

YANAGITA,  T.  Brief  review  on  the  use  of  self-administration  techniques  for 
predicting  drug  dependence  potential.  In:  Thompson,  T.,  Unna,  K.R.  (eds.) 
Predicting  Dependence  Liability  of  Stimulant  and  Depressant  Drugs.  Baltimore: 
University  Park  Press,  1977,  pp.  231-242. 

ZACNY,  J.P.,  STITZER,  M.L.  Effects  of  smoke  deprivation  interval  on  puff  topogra- 
phy. Clinical  Pharmacology  and  Therapeutics  38(1):109-115,  July  1985. 

ZACNY,  J.P.,  STITZER,  M.L.  Effect  of  puff  size  instructions  on  puff  volume.  Addictive 
Behaviors  11:17-23,  1986. 

ZACNY,  J.P.,  STITZER,  M.L.,  BROWN,  F.J.,  YINGLING,  J.E.,  GRIFFITHS,  R.R. 
Human  cigarette  smoking:  Effects  of  puff  and  inhalation  parameters  on  smoke 
exposure.  Journal  of  Pharmacology  and  Experimental  Therapeutics  240(2):554-564, 
February  1987. 

ZACNY,  J.P.,  STITZER,  M.L.,  YINGLING,  J.E.  Cigarette  filter  vent  blocking:  Effects 
on  smoking  topography  and  carbon  monoxide  exposure.  Pharmacology  Biochemis- 
try and  Behavior  25(6): 1245-1262,  December  1986. 

ZEIDENBERG,  P.,  JAFFE,  J.H.  KANZLER,  M.,  LEVITT,  M.D.,  LANGONE,  J.J., 
VAN  VUNAKIS,  H.  Nicotine:  Cotinine  levels  in  blood  during  cessation  of  smoking. 
Comprehensive  Psychiatry  18(1):93-101,  January-February  1977. 


239 


CHAPTER  V 


TOBACCO  USE  COMPARED 
TO  OTHER  DRUG  DEPENDENCIES 


241 


CONTENTS 


Introduction  247 

Clinical  Characteristics  of  Drug  Dependence  248 

Drug  Dependence  Defined  248 

Diagnostic  Criteria  for  Drug  Dependence  249 

Features  of  Drug  Dependence  250 

Highly  Controlled  or  Compulsive  Drug  Use...  250 

Physical  Dependence  and  Tolerance  251 

Harmful  Effects  252 

Course  of  Drug  Dependence  252 

Polydrug  Dependence  and  Multiple  Psychiat- 
ric Diagnosis  254 

Spontaneous  Remission  255 

Chemical  Detection  Measures  256 

Patterns  in  the  Development  of  Drug  Dependence  259 

Current  Use  of  Cigarettes  and  Other  Drugs  259 

Epidemiological  Studies  of  the  Prt^ession  of  Drug 

Use  261 

Tobacco  Use  as  a  Predictor  of  Other  Drug  Use ....  262 
Frequency  of  Use  of  Cigarettes  and  Other  Drugs..  263 

Initiation  of  Drug  Use  264 

Vulnerability  to  Drug  Dependence:  Individual  and 

Environmental  Factors  265 

Pharmacologic  Determinants  of  Drug  Dependence  267 

How  Drugs  Control  Behavior  267 

Dependence  Potential  Testing:  Psychoactive,  Rein- 
forcing, and  Related  Effects  269 

Effects  of  Drugs  on  Mood  and  Feeling  (Psy- 

choactivity)  270 

Methods  and  Results  272 

Drug  Discrimination  Testing  274 

Methods  and  Results  275 

Drug  Self-Administration  276 

Initiation  of  Drug  Self-Administration  277 

Evaluation  of  Reinforcing  Effects  279 

Results  from  Drug  Self-Administration 
Studies  281 


Drug  Dose  as  a  Determinant  of  Drug 

Intake  282 

Cost  of  the  Drug  as  a  Determinant  of 

Intake  ...283 

Place  Conditioning  Studies  284 

Constraints  on  Dependence  Potential  Testing.  285 
Dependence  Potential  Testing:  Tolerance  and 

Withdrawal  ....286 

Tolerance  ..287 

Cross-Tolerance   288 

Mechanisms  of  Tolerance...  288 

Constitutional  Tolerance  290 

Withdrawal  Syndromes  291 

Spontaneous  Withdrawal  Syndromes....  292 

Precipitated  Withdrawal  Syndromes  293 

Variability  in  Withdrawal  Syndromes  .294 

Cravings  or  Urges  295 

Constraints  on  Physical  Dependence  Potential 

Testing  296 

Therapeutic  or  Useful  Effects  of  Dependence-Pro- 
ducing Drugs  298 

Adverse  and  Toxic  Drug  Effects  298 

Identification  of  Dependence-Producing  Dru^  304 

Comparison  Among  Drugs  305 


Environmental  Determinants  of  Drug  Dependence  In- 
cluding Behavioral  Conditioning  306 

Drug  Taking  as  a  Learned  Behavior  307 

Drug- Associated  Stimuli  Modulate  Drug  Seeking...  308 
Conditioned  Withdrawal  Symptoms  May  Precipi- 
tate Drug  Seeking   310 


Relapse  to  Drug  Dependence  311 

Definition  of  Relapse  312 

Measurement  of  Relapse  313 

Rates  of  Relapse  313 

Correlates  of  Relapse  315 

Pretreatment  Correlates  of  Relapse  315 

Severity  of  Drug  Dependence  315 

Psychiatric  Impairment  316 

Demographic  Factors  320 

Treatment  Correlates  of  Relapse  320 

Posttreatment  Correlates  of  Relapse  321 

Family  Support  Factors  321 

Drug  Use  Among  Peers  321 


Involvement  in  Work  and  Leisure  Activities  .  322 


244 


Negative  Emotional  States  322 


Treatment  of  Drug  Dependence  324 

Goals  of  Treatment  325 

Types  of  Treatment  for  Drug  Dependence  326 

Pharmacologic  Treatment  of  Drug  Dependence  326 

Replacement  Therapy  326 

Blockade  Therapy  328 

Nonspecific  Pharmacotherapy  or  Symptomatic 

Treatment  328 

Pharmacologic  Deterrents  329 

Behavioral  Treatment  Strategies  329 

Relapse  Prevention  Skills  330 

Leisure  Activity  Skills  331 

Stress  Management  Skills  332 

Motivation  Enhancing  Treatments  332 


Conclusions  334 


References  336 


245 


Introduction 


The  present  Chapter  compares  cigarette  smoking  and  nicotine 
with  other  forms  of  drug  dependence  and  addicting  drugs.  Other 
chapters  in  this  Report  describe  the  behavior  of  cigarette  smoking, 
the  known  biobehavioral  mechanisms  and  modulators  of  nicotine's 
actions,  and  techniques  for  achieving  abstinence  from  smoking.  As  is 
evident  from  this  Report,  cigarette  smoking  is  most  usefully  ex- 
plained and  characterized  as  a  drug  dependence  process  in  which 
nicotine  is  the  identified  drug  of  dependence.  It  is  also  evident  that 
by  either  the  World  Health  Organization  (WHO)  definition  of  "drug 
addiction"  that  was  issued  in  the  1950s  (WHO  1952)  or  by  the 
definitions  of  "drug  dependence"  issued  since  the  1960s  (WHO  1964, 
1969,  1981),  nicotine  is  appropriately  categorized  as  an  addicting  or 
dependence-producing  drug.  Its  designation  as  a  drug  is  also  consis- 
tent with  the  definitions  provided  by  the  WHO  (1981)  and  the  Food 
and  Drug  Administration  (FDA)  (1987).  Nicotine-delivering  tobacco 
preparations  (which  include  all  currently  marketed  tobacco  prepara- 
tions) could,  therefore,  be  appropriately  categorized  as  addicting  or 
dependence-producing  drugs.  In  addition  to  evaluating  nicotine  with 
respect  to  definitions  of  dependence-producing  drugs,  it  is  also  useful 
to  compare  features  of  tobacco  dependence  and  the  phannacologic 
properties  of  nicotine  to  other  drug  addictions  and  addicting  drugs, 
respectively.  This  comparison  is  the  purpose  of  the  present  Chapter. 

Two  of  the  most  widely  studied  drug  addictions  provide  standards 
to  which  other  addictions  may  be  compared.  They  are  the  addictions 
to  the  opium-derived  or  related  substances  ("opioids,"  e.g.,  morphine, 
heroin,  methadone,  codeine)  and  to  alcohol.  For  nearly  a  century,  it 
h£is  been  widely  accepted  that  use  of  these  sul^tances  could  lead  to 
addictive  behavior  and  to  adverse  effects.  Moreover,  such  conse- 
quences of  use  develop  in  a  sufficient  number  of  persons  that  there 
have  been  recurrent  regulatory  efforts  to  restrict  access  and 
conditions  of  use.  Cocaine  and  related  psychomotor  stimulants  (e.g., 
amphetamine)  provide  an  additional  important  standard  by  which  to 
judge  suspected  and  known  addicting  chemicals.  These  stimulants 
have  been  accepted  as  standards  by  which  to  evaluate  the  addicting 
potential  of  other  stimulants  since  the  1950s. 

It  is  beyond  the  scope  of  the  present  Chapter  to  review  all  aspects 
of  drug  dependence  in  detail.  Rather,  this  Chapter  summarizes 
primarily  the  pharmacologic  aspects  of  drug  dependence.  In  particu- 
lar, the  Chapter  provides  information  that  permits  a  comparison  of 
the  pharmacologic  basis  of  tobacco  dependence,  as  described  in  the 
other  Chapters,  with  the  pharmacologic  basis  of  other  forms  of  drug 
dependence.  More  extensive  reviews  of  the  topics  to  be  discussed 
have  emerged  from  various  review  panels  sponsored  by  the  National 
Institute  on  Drug  Abuse  (NIDA)  (Krasnegor  1978, 1979a,b,c;  Thomp- 
son and  Johanson  1981;  Grabowski,  Stitzer,  Henningfield  1984; 
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Sharp  1984)  and  the  National  Academy  of  Sciences  (Levison, 
Gerstein,  Maloff  1983);  other  reviews  have  been  held  under  the 
auspices  of  professional  scientific  societies  (Goldberg  and  Hoffmeis- 
ter  1973;  Thompson  and  Unna  1977;  Balster  and  Harris  1982;  Taylor 
and  Taylor  1984;  Seiden  and  Balster  1985).  Other  important 
determinants  and  consequences  of  drug  dependence  are  more 
thoroughly  described  elsewhere  (Blaine  and  Julius  1977;  Manatt 
1983;  Tims  and  Ludford  1984;  Petersen  1978;  Bell  and  Battjes  1985; 
Richards  and  Elevens  1977;  Dupont,  Goldstein,  O'Donnell,  Brown 
1979;  Lettieri,  Sayers,  Pearson  1980;  Crowley  and  Rhine  1985). 

Clinical  Characteristics  of  Drug  Dependence 

Drug  Dependence  Defined 

Before  the  1960s  it  was  fairly  common  to  invoke  factors  such  as 
"criminality,"  "character  deficit,"  "immorality,"  and  "weakness  of 
will"  in  the  clinical  diagnosis  of  "drug  addiction."  In  addition,  these 
factors  often  included  various  social  connotations.  In  part,  it  was 
because  these  attributes  were  not  objective  or  scientifically  based 
that  the  WHO  in  1964  recommended  that  the  term  "addiction"  be 
replaced  with  "drug  dependence"  in  an  effort  to  be  more  precise  and 
descriptive  in  definition  (WHO  1964,  1981). 

According  to  current  conceptualizations,  the  central  and  common 
element  across  all  forms  of  drug  dependence  is  that  a  psychoactive 
drug  has  come  to  control  behavior  to  an  extent  that  is  considered 
detrimental  to  the  individual  or  society  (WHO  1981;  APA  1987). 
Although  the  precise  wording  varies,  the  central  concept  of  drug- 
dependence  definitions  refers  to  the  behavior  of  the  individual  who 
has  come  under  the  control  of  a  psychoactive  drug,  and  this  concept 
has  pro\d.ded  the  cornerstone  of  most  definitions  of  depen- 
dence/addiction for  at  least  a  century  (Berridge  1985)  and  arguably 
for  several  centuries  (Murray  et  al.  1933;  Austin  1979;  Levine  1978). 
The  involvement  of  a  psychoactive  drug  is  the  critical  feature  that 
distinguishes  drug  addictions  from  other  habitual  behaviors. 

In  principle,  the  term  "drug  dependence"  might  be  Used  to 
characterize  any  form  of  drug  ingestion;  however,  the  term  is 
generally  reserved  for  use  when  the  chemical  meets  criteria  as  a 
"psychoactive"  drug.  These  criteria  are  based  on  drug-induced 
changes  in  bi^ain  function;  such  changes  may  involve  alterations  in 
mood,  feeling,  thinking,  perception,  and  other  behavior.  In  this 
Chapter  the  term  "drug  dependence"  or  "drug  addiction"  refers  to 
self-administration  of  a  psychoactive  drug  in  a  manner  that  demon- 
strates that  the  drug  controls  or  strongly  influences  behavior.  In 
other  words,  the  individual  is  no  longer  entirely  free  to  use  or  not  use 
the  substance.  Often  times,  this  reduction  in  the  degree  to  which  use 
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TABLE  1.— Diagnostic  criteria  for  psychoactive  substance 
dependence 


A.  At  least  three  of  the  following: 

(1)  Substance  often  taken  in  larger  amounts  or  over  a  longer  period  than  the  person 

intended 

(2)  Persistent  desire  or  one  or  more  unsuccessful  efforts  to  cut  down  or  control  substance 
use 

(3)  A  great  deal  of  time  spent  in  activities  necessary  to  get  the  substance  (e.g.,  theft),  to 
take  the  substance  (e.g.,  chain  smoking),  or  to  recover  from  its  effects 

(4)  Frequent  intoxication  or  withdrawal  symptoms  when  expected  to  fulfill  major  role 
obligations  at  work,  school,  or  home  (e.g.,  does  not  go  to  work  because  of  hangover, 
goes  to  school  or  work  "high,"  intoxicated  while  taking  care  of  own  children),  or  when 
substance  use  is  physically,  hazardous  (e.g.i  drives  when  intoxicated) 

vj)      Important  social,  occupational,  or  recreational  activitvK  given  up  or  reduced  because  of 

substance  use 

(6)  Continued  substance  use  despite  knowledge  of  having  a  persistent  or  recurrent  social, 
psychological,  or  physical  problem  that  is  caused  or  ^acerbated  by  the  use  of  the 
substance  (e.g.,  continuing  heroin  use  despite  family  arguments  about  it,  cocaine-induced 

depression,  or  ulcer  made  worse  by  drinking 

(7)  Marked  tolerance:  need  for  markedly  increased  amounts  of  the  substance  (i.e.,  at  least 
a  50  percent  increase)  to  achieve  intoxication  or  desired  effect,  or  markedly  diminished 

effect  with  continued  use  of  the  same  amount 

(Note:  The  following  items  may  not  apply  to  cannabis,  hallucinogens,  or  PCP) 

(8)  Characteristic  withdrawal  symptoms  (see  specific  withdrawal  syndromes  under 
Psychoactive  Substance-Induced  Oiganic  Mental  l^sqrders) 

(9)  Substance  often  taken  to  relieve  or  avoid  withdrawal  ^mptoms 

B.  Some  symptoms  of  the  disturbance  persistent  for  at  least  1  month,  or  occurrent  repeatedly 
over  longer  period  of  time 

SOURCE:  American  I^ychiatric  Association  (1987). 

is  considered  "voluntary"  is  described  as  "babitual"  or  "compulsive" 
drug  use. 

Diagnostic  Criteria  for  Drug  Dependeiice 

The  Diagnostic  and  Statistical  Manual  (PSM-III-R)  of  the  Ameri- 
can Psychiatric  Association  (APA  1987)  provides  a  useful  example  of 
the  objective  criteria  currently  used  to  defbae  drug  dependence.  As 
stated  in  DSM  Ill-Revised:  "The  essential  feature  of  this  disorder  is  a 
cluster  of  cognitive,  behavioral,  and  physiological  symptoms  that 
indicate  that  the  person  has  impaired  control  of  psychoactive 
substance  use  and  continues  use  of  the  substance  despite  adverse 
consequences."  Specific  diagnostic  criteria  for  psychoactive  sub- 
stance dependence  are  shown  in  Table  1. 

The  APA  designated  10  classes  of  psychoactive  substance  for 
which  use  may  lead  to  dependence:  alcohol;  amphetamine  or 
similarly  acting  sympathomimetics;  cannabis;  cocaine;  hallucino- 
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gens;  inhalants;  nicotine;  opioids;  phencyclidine  (PCP)  or  similarly 
acting  arylcyclohexylamines;  and  sedatives,  hjnpnotics,  or  anxiol5rt- 
ics.  The  fact  that  dependence  criteria  are  the  same  for  all  classes  of 
drug  use  highlights  the  assumption  that  dependence  processes  are 
functionally  similar  across  substances  with  different  pharmacologic 
profiles. 

Features  of  Drug  Dependence 

Behavior  that  leads  to  drug  ingestion,  as  well  as  the  various 
behavioral  and  physiological  sequelae  resulting  from  the  ingestion, 
are  determined  by  both  drug  (pharmacologic  or  agent)  and  nondrug 
(behavioral  or  environmental)  factors  which  will  be  discussed  in  this 
Chapter.  The  nondrug  determinants  include  characteristics  of  the 
individual  ("host"  characteristics)  such  as  age,  genotype,  and  person- 
ality. . 

Highly  Controlled  or  Compulsive  Drug  Use 

.  Highly  controlled  or  compulsive  drug  use  indicates  that  drug- 
seeking  and  drug-taking  behavior  is  driven  by  strong,  often  irresisti- 
ble urges.  It  can  persist  despite  a  desire  to  quit  or  even  repeated 
attempts  to  quit.  Compulsive  drug  use  may  take  precedence  over 
other  important  priorities. 

The  extent  to  which  compulsive  behavior  is  apparent  varies  across 
individuals  and  is  most  easily  detected  in  extreme  cases.  For 
example,  to  maintain  daily  drug  intake  laryngectomized  patients 
may  smoke  cigarettes  through  their  tracheostomy  hole,  cocaine 
users  may  take  cocaine  at  the  risk  of  loss  of  family  and  job,  and 
prostitution  has  been  observed  to  occur  in  exchange  for  a  variety  of 
drugs  for  which  availability  was  low  or  price  was  high. 

The  drug-seeking  behavior  itself  ranges  from  the  routine  and  licit 
procurement  of  cigarettes  or  alcohol,  to  the  possibly  more  extensive 
behavioral  repertoire  necessary  to  obtain  prescriptions  for  certain 
drugs,  to  the  highly  intricate  chains  of  behavior  required  to  procure 
many  illicit  drugs.  Drug-seeking  behavior  is  not  determined  entirely 
by  the  specific  pharmacologic  properties  of  a  particular  drug, 
however.  For  instance,  when  alcohol  or  tobacco  has  been  prohibited, 
procurement  has  at  times  involved  as  much  risk  and  involvement  as 
the  procurement  of  illicit  drugs  in  the  1980s  (Austin  1979;  Brecher 
1972). 

A  drug  may  be  taken  to  avoid  withdrawal  symptoms  and  other 
undesirable  sequelae  of  drug  abstinence.  This  factor  may  contribute 
to  the  level  of  compulsivity  which  develops.  Addicting  drugs  often 
provide  some  therapeutic  benefit  or  otherwise  useful  effect  (Chapter 
VI);  these  effects  may  also  contribute  to  the  compulsive  nature  of 
drug  use.  Whether  or  not  such  benefits  are  considered  to  be  more 
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important  than  the  adverse  effects  of  drug  taking,  this  factor  is 
important  because  it  may  have  been  prominent  in  initial  exposure  to 
the  drug,  it  may  have  strengthened  the  control  of  the  drug  over 
behavior,  and  it  may  constitute  a  potential  cause  for  relapse. 

Physical  Dependence  and  Tolerance 

The  observation  of  a  withdrawal  syndrome  that  accompanies 
abstinence  from  chronic  drug  exposure  is  the  primary  index  of 
physical  dependence  induced  by  the  drug  (Martin  1965;  Kalant 
1978).  Drug  withdrawal  syndromes  are  behavioral  and  physiological 
sequelae  of  abstinence  from  chronic  drug  administration.  Tolerance 
refers  to  the  diminished  responsiveness  to  successive  administration 
of  a  drug;  it  may  occur  independently  of  physical  dependence  but  is  a 
frequent  concomitant  (Kalant  1978).  The  magnitude  of  tolerance  and 
physical  dependence  is  directly  related  to  the  frequency  and 
magnitude  of  the  drug-dosing  regimen;  thus,  low  or  infrequent  drug 
dosing  may  not  produce  measurable  levels  of  tolerance  or  phj^sical 
dependence.  Tolerance  may  develop  in  the  absence  of  ph;yBical 
dependence;  for  example,  infrequent  dose  administration  may  riesult 
in  decreased  responsiveness  even  though  no  measurable  withdrawal 
reaction  accompanies  drug  abstinence. 

Whereas  initial  drug  exposure  may  have  caused  marked  behavior- 
al and  physiological  disruption,  the  development  of  physical  depen- 
dence implies  that  a  relatively  normal  appearing  behavioral  and 
physiological  functioning  requires  continued  drug  administration 
and  that  disruption  will  occur  when  the  drug  is  withdrawn.  For 
example,  at  certain  doses,  opioids,  sedatives  (including  alcohol),  and 
nicotine  can  produce  marked  intoxication  in  nontolerant  individuals. 
As  tolerance  develops,  these  same  dose  levels  may  produce  no  readily 
observable  signs  of  intoxication,  and  in  the  case  of  opioids  and 
nicotine  only  extremely  high  doses  or  sudden  abstinence  are 
accompeuiied  by  disrujption  of  ongoing  behavior. 

The  development  of  tolerance  to  repeated  drug  exposure  and  of  the 
onset  of  a  withdrawal  syndrome  may  be  observed  following  a  period 
of  repeated  drug  exposure  and  drug  abstinence,  respectively,  but 
these  factors  do  not  in  themselves  define  a  drug  dependence 
syndrome  requiring  intervention  to  prevent  relapse  to  drug  use.  It  is 
possible  to  establish  tolerance  and  physical  dependence  by  repeated 
drug  administration  even  when  the  animal  or  human  never  actually 
self-administered  the  drug.  In  animals,  this  is  often  done  in 
experimental  studies;  human  patients  requiring  pain  relief  may 
become  tolerant  to  and  physically  dependent  on  opioid  analgesics  in 
hospital  settings.  Such  animals  and  himians  do  not  necessarily 
exhibit  drug-seeking  behavior  when  drug  administration  is  terminat- 
ed. Another  such  instance  is  the  fetal  opioid  syndrome,  in  which 
treatment  of  the  withdrawal  reaction  might  be  indicated  but  no 
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drug-seeking  behavior  would  be  present  for  which  an  intervention 
would  be  needed  (Weinberger  et  al.  1986).  Although  not  always 
essential  for  the  occurrence  of  addictive  drug-seeking  behavior, 
tolerance  and  withdrawal  phenomena  are  important  in  principle 
because  they  can  serve  to  strengthen  the  control  of  the  drug  over 
behavior.  Specifically,  tolerance  development  can  result  in  increased 
drug  intake  in  an  attempt  to  maintain  the  desired  drug  effects,  and 
the  onset  of  a  drug  withdrawal  syndrome  may  constitute  an  aversive 
state  which  is  alleviated  by  drug  taking. 

Harmful  Effects 

The  concept  that  some  sort  of  harm  or  disadvantage  to  the 
individual  or  society  is  a  consequence  of  drug  use  is  another  element 
in  most  definitions  of  drug  dependence.  This  concept  is  complex  and 
socially  determined,  however.  For  example,  drug  seeking  may  result 
in  illicit  production  and  trgifficking  as  currently  occurs  for  illicit 
drugs  (Drug  Abuse  Policy  Office  1984),  and  had  occurred  for  tobacco 
at  various  times  when  it  was  banned  (Austin  1979;  see  also  Warner 
1982  for  a  discussion  of  recent  cigarette-smuggling  issues).  Adminis- 
tration of  drugs,  or  abstinence  in  the  physically  dependent  person, 
may  directly  produce  adverse  behavioral  and  psychiatric  effects 
("psychotoxicity").  Finally,  toxicity  may  also  be  a  direct  physiol(^cal 
effect  of  the  addicting  drug  itself  (e.g.,  liver  damage  caused  by 
alcohol)  or  to  associated  toxins  (e.g.,  transmission  of  the  human 
immunodeficiency  virus  by  needle  sharing  among  i.v.  drug  users,  or 
carcin(^ens  delivered  by  tobacco  smoke). 

These  forms  of  drug-associated  damage  can  result  in  a  variety  of 
societal  costs  such  as  health  care  of  drug  users  (including  cigarette 
smokers),  lost  productivity  of  the  work  force  (including  tobacco-use- 
associated  losses  in  productivity),  and  criminsd  justice  system 
burdens  associated  with  illicit  drug  use.  Such  adverse  effects  of  drug 
use  constitute  the  "liability"  of  drug  use  and  may  also  be  factors  in 
the  determination  that  drug  use  constituted  "drug  abuse"  (Yanagita 
1987).  These  societal  aspects  of  drug  dependence  frequently  invoke 
debates  which  pit  the  "right"  to  self-damage  against  the  "right"  of 
society  to  protect  itself  from  the  direct  damage  or  costs  incurred  as  a 
consequence  of  the  individued's  behavior.  A  historical  appraisal  of 
psychoactive  substance  use  reveals  that  societies  have  often  moved 
cautiously  to  restrict  the  use  of  drugs  when  there  was  little 
assumption  of  drug-use-associated  dsunage. 

Course  of  Drug  Dependence 

The  chronic  nature  of  drug  ingestion  in  the  severely  dependent 
individual  suggests  that  drug  dependence  processes  themselves  may 
be  long  lasting  and  resistant  to  termination.  In  contrast,  the  direct 
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effects  of  psychoactive  drugs  are  generally  limited  to  a  few  hours  or 
days  at  most.  Peak  physical  withdrawal  signs  and  symptoms  from 
opioids,  sedatives,  alcohol,  and  tobacco  appear  to  last  for  about  1  to  2 
weeks.  However,  at  least  for  the  opioids,  a  secondary  stage  of 
withdrawal  may  last  for  1  year  or  more;  this  has  been  termed 
protracted  withdrawal  (Martin  1965;  Jasinski  1981).  As  discussed  in 
Chapters  III  and  VI,  an  analogous  protracted  abstinence  syndrome 
appears  to  exist  in  tobacco  dependence  and  to  be  of  importance  for 
treatment  efforts.  Therefore,  despite  the  relatively  short-term  dura- 
tion of  the  effects  of  drug  administration  or  withdrawal,  the 
clinically  relevant  duration  of  drug  dependence  is  much  longer. 

A  major  implication  of  post-1960s  definitions  of  drug  dependence  is 
that  drug  dependence  is  not  an  absolute  phenomenon,  but  rather 
may  vary  in  degree  (Jaffe  1965, 1986;  Miller  1979).  Often,  within  an 
individual  the  level  of  severity  increases  over  time  ("progressive" 
characteristic).  The  course  may  be  quite  variable,  however.  For 
example,  an  initially  rapidly  developed  high  level  of  use  may  be 
followed  by  long-term  or  transient  remissions,  while  some  individu- 
als never  progress  at  all  beyond  levels  of  use  of  a  given  drug  that  are 
sometimes  considered  safe  and  acceptable  (Vaillant  1970,  1982). 
Such  low  or  intermittent  levels  of  drug  use  are  sometimes  referred  to 
as  "occasional,"  "controlled,"  "recreational"  or  "social"  drug  use  or 
"chipping";  such  use  may  still  be  problematic  because  there  may  be 
acute  adverse  consequences  (e.g.,  auto  accidents  following  drinking), 
as  well  as  a  transition  to  chronic  drug  use  (as  is  characteristic 
following  occasional  tobacco  use)  and  the  p(^ibility  that  any  use 
involves  illicit  behavior  (e.g.,  procurement  of  alcohol  and  tobacco  by 
minors  or  possession  of  marijuana). 

There  are  differences  among  drugs  in  the  relative  incidence  of 
occasional  users  compared  to  regular  daily  users  who  meet  criteria 
for  dependence.  For  example,  it  is  generally  estimated  that  less  than 
15  percent  of  those  who  consume  alcoholic  beverages  are  dependent 
(Miller  1979).  Analysis  of  opioid  data  are  more  problematic  (Zinberg 
and  Jacobson  1976);  however,  observations  such  as  those  made  of 
Vietnam  veterans  show  that  opioid  chipping  is  not  only  a  well- 
documented  phenomenon  but  may  also  be  common  in  some  social 
and  environmental  settings.  Robins  and  colleagues  found  (1)  that 
opioid  chipping  was  a  common  occurrence  among  enlisted  men  in 
Vietnam,  (2)  that  88  percent  of  heroin-addicted  Vietnam  veterans 
used  heroin  occasionally  upon  their  return  to  the  United  States,  and 
(3)  that  most  (approximately  90  percent)  were  able  to  avoid  readdic- 
tion  (Robins  et  al.  1977;  Robins  and  Helzer  1975;  Robins,  Helzer, 
Davis  1975;  Robins,  Davis,  Goodwin  1974;  Robins,  Davis,  Nurco  1974; 
see  also  Zinberg  1972,  1980).  In  contrast,  however,  chipping  appears 
relatively  rare  among  tobacco  users:  the  1985  National  Health 
Interview  Survey  showed  that  10.6  percent  of  current  smokers 
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smoke  5  or  fewer  cigarettes/day  (unpublished  data,  Office  on 
Smoking  and  Health;  see  also  Russell  1976  and  US  DHHS  1987). 

Polydrug  Dependence  and  Multiple  Psychiatric  Diagnosis 

Another  feature  of  drug  dependence  is  this  common  use  of  multiple 
substances,  including  tobacco,  by  dependent  individuals.  In  fact,  the 
most  consistent  feature  of  such  multiple  drug  use  is  the  high  rate  of 
co-occurrence  of  tobacco  dependence  along  with  dependence  on 
opioids,  alcohol,  stimulants,  and  even  gambling  (Taylor  and  Taylor 
1984).  In  addition,  drugs  used  by  individuals  may  sometimes  vary 
and  be  interchanged  as  price  and  availability  vary  (e.g.,  cocaine  is 
preferred  by  many  but  individuals  may  use  opioids,  or  even 
sedatives,  when  cocaine  is  unavailable)  (Kliner  and  Pickens  1982). 
Several  dnigs  may  also  be  taken  simultaneously;  for  inistance,  heavy 
consumption  of  nicotine,  alcohol,  and  marijuana  is  common.  Finally, 
most  surveys  indicate  that  use  of  drugs  such  as  cocaine,  alcohol, 
opioids,  and  marijuana  is  accompanied  (and  usually  preceded)  by  use 
of  nicotine  (US  DHHS  1987). 

Tobacco  use  concurrent  with  other  drug  dependencies  is  so 
prevalent  that  it  is  not  generally  considered  to  be  of  diagnostic 
significance  or  considered  as  a  basis  of  multiple  drug  dependence 
diagnosis.  Recently,  the  possible  interactive  nature  of  co-dependen- 
cies to  nicotine  and  other  drugs  has  been  given  increasing  attention 
in  drug  treatment  programs  (Taylor  and  Taylor  1984;  KcKslowski  et 
al.  1984),  These  data  are  discussejd  later  in  this  Chapter,  as  well  as 
the  issue  of  whether  nicotine  serves  as  a  "gateway"  to  the  use  of 
illicit  drugs. 

Also  of  clinical  significance  is  the  concurrence  of  drug  dependence 
and  some  other  psychiatric  disorder.  This  phenomenon  is  termed 
multiple  or  dusd  diagnosis  (Meyer  1986;  McLellan,  Woody,  O'Brien 
1979;  Allen  and  Frances  1986;  Rounsaville  and  Kleber  1986;  Jaffe 
and  Ciraulo  1986).  In  genered,  dependence  on  opioids,  alcohol, 
cocaine,  and  nicotine  is  often  associated  with  elevated  rates  and 
levels  of  antisocial  tendencies  and  extraversion,  but  such  trends  are 
not  generally  regarded  as  multiple  diagnoses  (for  a  review  of  several 
forms  of  multiple  diagnosis,  see  Taylor  and  Taylor  1984).  The 
designation  of  multiple  diagnosis  is  reserved  for  the  concurrent 
appearance  of  a  clinically  significant  psychiatric  disorder  and  drug 
dependence;  the  most  common  of  such  disorders  would  appear  to  be 
depression,  anxiety,  and  antisocial  personality  (McLellan,  Wckwiy, 
O'Brien  1979;  Rounsaville  et  al.  1982;  Woody,  McLellan,  O'Brien 
1984). 
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Spontaneous  Remission 

It  is  characteristic  of  drug  dependence  that  some  persons  discon- 
tinue use  of  the  drug  while  not  engaged  in  a  formal  treatment 
program  (i.e.,  "on  their  own")  although  they  may  have  participated 
in  a  treatment  program  at  some  earlier  point  in  time  (Stall  and 
Biernacki  1986).  Spontaneous  remission  refers  to  intentional  and 
unintentional  cessation  of  drug  use,  variously  referred  to  as  "natural 
recovery,"  "maturing  out,"  "burning  out,"  or  "self-quitting,"  but 
most  frequently  in  current  literature  as  "spontaneous  remission." 
Such  quitting  is  sometimes  reported  to  be  due  to  "will  power"  or 
"just  deciding  to  quit."  However,  follow-up  studies  have  revealed 
that  significant  environmental  events  are  often  associated  with  such 
quitting  (for  example,  Vaillant  1970, 1982).  Such  data  have  suggested 
to  some  that  the  terms  such  as  "self-quitting,"  "self-help,"  and 
"spontaneous  remission"  are  misnomers  (Fisher  1986;  Fisher  et  al. 
1988);  nonetheless,  because  the  term  spontaneous  remission  is  extant 
in  the  scientific  literature,  it  will  be  used  here.  This  Section  provides 
a  brief  summary  of  available  information  comparing  alcohol,  opioids 
and  tobacco  with  regard  to  their  rates  of  spontaneous  remission  and 
of  factors  associated  with  remission  from  drug  use. 

In  studies  of  spontaneous  remission,  a  minimum  criterion  for 
abstinence,  such  as  1  year,  is  often  imposed.  Although  the  recorded 
history  of  drug  dependence  acknowle^es  that  some  people  can 
achieve  abstinence  without  benefit  of  formal  intervention  programs, 
there  was  little  S3;«tematic  study  of  spontaneous  remission  until  the 
1970s.  Major  motivations  for  the  current  interest  in  this  phenome- 
non are  to  determine  if  the  so-called  spontaneous  remitters  differ  in 
behavioral  or  physiological  parameters  from  other  drug-dependent 
persons,  to  identify  factors  which  may  be  systematically  applied  in 
treatment  settings,  and  to  better  understand  the  process  of  drug 
dependence  itself. 

The  percentage  of  such  spontaneous  remitters  reported  in  any 
given  study  appears  to  vary  more  as  a  function  of  population  and 
study  variables  than  as  a  function  of  drug  class.  For  instance,  data 
averaged  across  10  studies  show  that  approximately  30  percent  of 
opioid-dependent  persons  spontaneously  remit  (Anglin  et  al.  1986) 
although  estimates  of  remission  rates  vary  from  2  percent  to  65 
percent  (Harrington  and  Cox  1979;  Winick  1962).  On  the  other  hand, 
approximately  90  percent  of  people  who  have  quit  smoking  report 
that  they  quit  without  the  aid  of  formal  treatment  programs  or 
smoking  cessation  devices  (Fiore  et  al.,  in  press;  see  discussion  of 
related  issues  in  Fisher  et  al.  1988). 

Deriving  precise  quantitative  comparisons  of  rates  of  spontaneous 
remission  across  the  various  drug  dependencies  is  problematic  due  to 
the  differing  criteria  used  to  identify  those  who  are  spontaneoiis 
remitters.  For  example,  in  tobacco  surveys,  rates  of  spontaneous 
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remission  are  often  estimated  by  retrospective  self-reports  from  a 
sample  of  former  smokers,  whereas  surveys  of  opioid  and  alcohol 
users  generally  include  only  those  who  were  dependent  enough  to  be 
involved  in  formal  treatment  programs  at  some  time. 

The  factors  which  are  associated  with  spontaneous  remission 
appear  to  be  similar  across  dependencies  on  alcohol,  opioids,  and 
tobacco  (Stall  and  Biernacki  1986).  Table  2  is  a  summary  of  findings 
which  have  been  reported  on  factors  related  to  spontaneous  remis- 
sion. As  shown  in  the  Table,  influences  such  as  health  problems 
associated  with  use  of  the  drug  and  social  pressures  are  frequent 
precipitants  of  spontaneous  remission  among  persons  who  were 
dependent  on  alcohol,  opioids,  or  tobacco.  Similarly,  spontaneous 
remitters  have  often  learned  to  better  manage  their  drug  "cravings" 
and  to  provide  contingent  reinforcement  for  quitting  to  themselves, 
and  may  even  undergo  significant  lifestyle  changes  (Stall  and 
Biernacki  1986). 

These  data  regarding  spontaneous  remission  support  the  conclu- 
sion, discussed  earlier,  that  it  is  somewhat  misleading  to  infer  that 
spontaneous  remitters  are  truly  spontaneous  or  that  they  were  not 
"really  dependent"  as  is  sometimes  assumed  (Fisher  1986;  Fisher  et 
al.  1988;  US  DHHS  1982).  Rather,  it  seems  more  plausible  that 
spontaneous  remitters  are  largely  those  who  have  either  learned  to 
deliver  effective  treatments  to  themselves  or  for  whom  environmen- 
tal circumstances  have  fortuitously  changed  in  such  a  way  as  to 
provide  a  therapeutic  situation  (Fisher  1986;  Stall  and  Biernacki 
1986;  Vaillant  1982,  1970).  In  additibn,  persons  most  likely  to  quit 
use  of  tobacco  and  opioids  without  benefit  of  formal  intervention  do 
tend  to  have  shorter  histories  of  use  and/or  be  at  lower  levels  of 
dependence  (US  DHHS  1987).  Such  issues,  relating  specifically  to 
cigarette  smoking,  have  been  reviewed  in  considerable  detail  in  a 
previous  report  of  the  Surgeon  General  (US  DHHS  1982). 

Chemical  Detection  Measures 

Although  drug  dependence  is  not  reliably  (tiagnosed  simply  on  the 
basis  of  amount  of  drug  intake  (Crowley  and  Rhine  1985;  Jaffe  1985), 
it  can  be  useful  to  determine  whether  or  not  a  person  has  ingested  a 
significant  amount  of  a  drug.  For  examiple,  as  is  discussed  later  in 
this  Chapter,  many  treatment  programs  require  objective  verifica- 
tion of  drug-free  patient  status. 

A  potentially  useful  adjunct  for  objectively  assessing  exposure  to 
drugs  is  to  test  for  the  presence  of  the  drug  in  biological  specimens 
(Walsh  and  Yohay  1987;  Hawks  and  Chiang  1986).  For  instance, 
blood,  urine,  saliva,  expired  air,  and  other  biological  samples  can  be 
assayed  for  residual  drug  or  drug-specific  markers  (e.g.,  metabolites). 
Such  testing  aids  in  determining  that  presumed  drug-related  effects 
were  not  actually  symptoms  of  some  other  organic  or  mental 
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disorder.  One  problem  with  such  verification  is  that  the  drug  level 
meEisured  reflects  recency  as  well  as  amount  of  drug  use  and  thus 
may  lead  to  either  underestimation  or  overestimation  of  the  tjirpical 
level  of  drug  use.  Furthermore,  absolute  level  of  use  does  not 
necessarily  determine  whether  use  is  pathological  or  detrimental. 
Another  problem  is  that  biochemical  drug  tests  vary  widely  in  both 
their  specificity  (correct  drug  identification)  and  sensitivity  (mini- 
mum amount  of  drug  detected)  (see  Grabowski  and  Lasagna  1987 
and  Walsh  and  Yohay  1987  for  general  reviews  of  such  issues;  and 
Benowitz  1983  and  Muranaka  et  al.  1988  for  a  tobacco-related 
review;  also  see  Chapter  II). 

Presently,  verification  of  drug  dependence  is  based  largely  on  the 
behavioral  factors  as  described  below.  The  most  useful  application  of 
testing  for  drug  levels  in  the  body  remains  the  verification  of 
compliance  with  treatment  regimens  in  which  drug  abstinence  is  the 
goal.  These  and  other  issues  regarding  the  methodologies  and 
applications  of  chemical  detection  measures  have  been  reviewed  by  a 
committee  of  the  American  Society  for  Clinical  Pharmacology  and 
Therapeutics  (in  press). 

Patterns  in  the  Development  of  Drug  Dependence 

When  the  relationships  among  drug  dependencies  have  been 
studied  in  major  epidemiological  surveys  (e.g.,  NIDA's  National 
Household  Survey  (NHS)  (US  DHHS  1987)),  two  findings  consistent- 
ly emerge:  persons  who  use  dependence-producing  drugs  are  often 
cigarette  smokers,  and  cigarette  smoking  precedes  and  may  be 
predictive  of  illicit  drug  use.  Some  of  the  data  which  have  led  to 
these  conclusions  are  summarized  in  this  Section. 

Current  Use  of  Cigarettes  and  Other  Drugs 

The  association  of  current  use  of  one  drug  with  current  use  of 
other  drugs  has  been  studied  extensively.  One  such  study  is  the  NHS 
conducted  by  NIDA  (US  DHHS  1987).  The  Eighth  NHS,  conducted  in 
1985,  involved  personal  interviews  with  8,038  persons  12  years  of  age 
and  older,  representative  of  the  household  population  of  the  conti- 
nental United  States.  Questions  were  asked  about  the  age  of 
respondents  when  they  first  tried  a  cigarette  and  age  when  they  first 
started  smoking  daily.  This  distinction  may  be  important  when 
comparing  cigarette  use  with  the  use  of  other  drugs.  Persons  who  do 
not  make  the  transition  from  trying  cigarettes  to  daily  use  may  be 
less  likely  to  use  other  drugs  than  those  who  do  make  this  transition. 
A  similar  format  was  used  with  alcohol  (i.e.,  age  at  which  respondent 
first  tried  alcohol,  not  including  childhood  sips,  and  age  of  first  using 
alcohol  once  a  month  or  more).  Questions  about  age  at  the  onset  of 
other  drug  use  were  limited  to  age  at  first  use.  In  the  NHS  studies, 
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TABLE  3. — Current  use  of  alcohol,  marijuana,  and  cocaine 
among  "current"  cigarette  smokers  and 
nonsmokers  by  age  group  (percentages) 


"Current"  cigarette  use 

Age  group,   

current  drug  use  No  Yes 


Alcohol 

12-17 

23.5 

74.2 

18-25 

64.7 

82.6 

ol.U 

>35 

52.5 

68.6 

Marijuana 

12-17 

5.8 

47.3 

18-25 

13.7 

35.4 

26-34 

10.6 

26.0 

>35 

1.7 

3.5 

Cocaine 

12-17 

0.4 

8.8 

18-25 

3.9 

13.9 

26-34 

4.1 

9.2 

>35 

0.4 

0.6 

NOTE:  Current  use  is  any  use  reported  in  the  30  days  prior  to  the  interview. 
SOURCE:  National  Household  Survey  on  Drug  Abuse,  1985.  (in  preparation) 


current  drug  use  is  defined  as  any  use  of  the  drug  during  the  30  days 
preceding  the  interview. 

Based  on  data  from  the  1985  NHS  on  Drug  Abuse,  Table  3  shows 
associations  among  use  of  various  psychoactive  substances.  As  shown 
in  the  table,  rates  of  current  use  (i.e.,  during  the  past  30  days)  of 
marijuana,  alcohol,  and  cocaine  are  much  higher  among  "current" 
cigarette  smokers  than  among  others.  For  example,  among  12-  to  17- 
year-oids,  almost  three-fourths  of  "current"  smokers  were  current 
alcohol  users  compared  with  1^  than  one-fourth  of  the  youths  who 
were  not  "current"  smokers.  Approximately  47  percent  of  the 
"current"  cigarette  smokers  report  being  current  marijuana  users 
compared  with  5.8  percent  of  the  youths  who  were  not  "current" 
smokers. 

Differences  as  large  as  those  shown  in  Table  3  represent  very 
strong  correlations  between  use  of  cigarettes  and  use  of  other  drugs. 
The  strength  of  the  correlation  between  use  of  cigarettes  and  use  of 
other  drugs,  licit  and  illicit,  suggests  the  potential  importance  of 
directing  prevention  efforts  to  the  early  gateway  drugs:  c^arettes 
and  alcohol  (Kandel  and  Yamaguchi  1985;  Clayton  1986;  Clayton 
and  Ritter  1985). 
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Epidemiological  Studies  of  the  Progression  of  Drug  Use 

Tobacco  use  has  been  found  to  play  a  pivotal  role  in  the 
development  of  other  drug  dependencies.  The  classic  descriptive 
model  for  initiation  patterns  of  drug  use  was  developed  by  Kandel 
(1975),  who  first  divided  drugs  into  two  groups  of  availability:  licit 
and  illicit.  Kandel  concluded  that  virtually  all  persons  who  ever  used 
illicit  drugs  such  as  marijuana  and  cocaine  had  previously  used  licit 
drugs  such  as  cigarettes  and  alcohol.  Kandel's  developmental  stages 
model  is  based  on  the  assumption  that  there  are  relatively  invariant 
patterns  of  onset  of  use.  The  stages  are: 

(1)  No  Use  of  Any  Drugs 

(2)  Use  of  Beer  or  Wine 

(3)  Use  of  Cigarettes  and/or  Hard  Liquor 

(4)  Use  of  Marijuana 

(5)  Use  of  Other  Illicit  Drugs 

Although  Kandel's  model  addresses  the  initiation  or  onset  of  drug 
use,  it  does  not  account  for  patterns  of  early  use  (e.g.,  frequency  of 
occasions  or  quantity  per  occasion).  Nonetheless,  there  is  general 
agreement  that  the  model  accurately  characterizes  the  drug  initia- 
tion process  in  the  United  States  as  one  that  begins  with  use  of  licit 
drugs  (tobacco  and  alcohol)  and,  if  progression  occurs,  involves 
greater  use  of  these  substances  (Kandel,  MarguHies,  Davies  1978; 
Huba,  Wingard,  Rentier  1981;  O'Donnell  and  Clayton  1982).  This 
pattern  has  also  been  observed  in  France  and  Israel  (Adler  and 
Kandel  1981). 

In  a  longitudinal  study  of  the  progression  of  drug  use,  Yamaguchi 
and  Kandel  (1984a)  gathered  baseline  data  in  1971  from  subjects  in 
the  10th  and  11th  grade  in  New  York  State.  This  representative 
sample  was  followed  up  in  1981  when  the  average  age  was  24.7  years. 
The  order  of  onset  identified  by  Yamaguchi  and  Kandel  (1984a)  was 
alcohol,  cigarettes,  marijuana,  illicit  use  of  psychoactive  or  prescrip- 
tive drugs,  and  other  illicit  drugs.  Among  persons  who  had  used  both 
alcohol  and  cigarettes  10  times  or  more,  alcohol  use  preceded 
cigarette  use  in  70  percent  of  the  cases  for  males  and  65  percent  of 
the  cases  for  females.  Among  persons  who  had  used  cigarettes  and 
marijuana  10  or  more  times,  67  percent  of  the  males  and  72  percent 
of  the  females  reported  using  cigarettes  first. 

Using  a  sophisticated  statistical  analysis,  Yamaguchi  and  Kandel 
(1984a)  derived  several  additional  conclusions  including  the  follow- 
ing: 

(1)  For  men,  the  pattern  of  progression  was  one  in  which  the  use 
of  alcohol  preceded  marijuana;  alcohol  and  marijuana  preced- 
ed other  illicit  drugs;  and  alcohol,  cigarettes,  and  marijuana 
preceded  the  illicit  use  of  other  psychoactive  drugs.  Eighty- 
seven  percent  of  the  men  were  characterized  by  this  pattern. 
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(2)  For  women,  the  pattern  of  progression  was  one  in  which  either 
alcohol  or  cigarettes  preceded  marijuana;  alcohol,  cigarettes, 
and  marijuana  preceded  other  illicit  drugs;  and  alcohol  and 
either  cigarettes  or  marijuana  preceded  the  illicit  use  of 
psychoactive  drugs.  Eighty-six  percent  of  women  shared  this 
pattern. 

Tobacco  Use  as  a  Predictor  of  Other  Drug  Use 

In  an  analysis  of  nationwide  data  from  the  high  school  senior  class 
of  1980,  Clayton  and  Ritter  (1985)  found  that  alcohol  drinking  and 
cigarette  smoking  were  the  most  powerful  predictors  of  the  extent  of 
marijuana  use  for  both  males  and  females.  Cigarette  use  was  a 
stronger  predictor  of  marijuana  use  among  females.  Moreover,  this 
role  of  cigarette  smoking  was  especially  pronounced  when  it  had 
been  initiated  at  age  17  or  earlier.  Similarly,  data  from  the 
longitudinal  study  by  Yamaguchi  and  Kandel  (1984a,b)  revealed 
that,  among  persons  with  some  history  of  alcohol  use,  cigarette 
smoking  was  a  powerful  predictor  of  marijuana  use. 

Consistent  with  the  above  described  findings  regarding  cigarette 
smoking,  smokeless  tobacco  use  has  also  been  shown  to  be  a  predictor 
of  other  drug  use,  including  cigarette  smoking  (Ary,  Lichtenstein, 
Severson  1987).  More  than  3,000  male  adolescents  were  interviewed 
twice,  at  an  approximately  9-month  interval,  to  determine  their 
rates  and  levels  of  use  of  various  psychoactive  substances.  The  main 
findings  were  that  (1)  users  of  smokeless  tobacco  were  significantly 
more  hkely  to  use  cigarettes,  marijuana,  or  alcohol  than  nonusers; 
(2)  users  of  smokeless  tobacco  were  significantly  more  likely  to  take 
up  use  of  cigarettes,  marijuana,  or  alcohol  than  nonusers;  (3) 
smokeless  tobacco  users  who  were  using  these  other  substances  at 
the  time  of  the  first  interview  showed  substantially  greater  increases 
in  levels  of  use  of  these  other  substances  over  the  6-month  interval 
than  did  nonusers  of  smokeless  tobacco;  and  (4)  71  percent  of  those 
who  had  been  using  smokeless  tobacco  at  the  first  interview 
remained  users  at  the  second  interview. 

Cigarette  smoking  is  also  a  predictor  of  cocaine  use.  White  and 
colleagues  (US  DHHS  1987)  began  with  a  large  sample  of  12-,  15-, 
and  18-year-old  adolescents  in  New  Jersey  and  reinterviewed  them 
at  3-year  intervals.  As  reported  in  NIDA's  Triennial  Report  to 
Congress  (US  DHHS  1987),  White  and  coworkers  found  that  there 
were  several  predictors  of  cocaine  use  in  18-year-olds  who  had  been 
interviewed  3  years  earlier:  prior  use  of  cigarettes,  alcohol,  and 
marijuana.  Furthermore,  at  the  time  of  the  second  interview  (of  the 
18-year-olds),  the  cocaine  users  used  cigarettes,  alcohol,  marijuana, 
and  other  drugs  more  often  than  did  nonusers  of  cocaine. 

Although  alcohol  use  frequently  precedes  tobacco  use,  the  use  of 
alcohol  only  progresses  to  dependence  (alcoholism)  in  about  10  to  15 
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percent  of  all  drinkers  (Miller  1979).  Use  of  cigarettes,  by  contrast, 
almost  inevitably  escalates  to  a  level  characterized  as  dependent  use 
(Russell  1976;  US  DHHS  1987).  This  is  consistent  with  the  observa- 
tion that  although  some  use  of  alcohol  may  precede  tobacco  use,  it  is 
prior  use  of  tobacco  and  not  alcohol  that  emerges  in  the  above-cited 
studies  as  the  stronger  predictor  of  illict  drug  use. 

The  1985  High  School  Senior  Survey  by  NIDA  (US  DHHS  1987) 
showed  that  the  first  dependence-producing  drug  tried  among  users 
of  alcohol  and  illicit  drugs  was  often  tobacco.  For  example,  among  all 
respondents  12  years  of  age  and  older,  first  use  of  tobacco  and  alcohol 
occurred  in  the  same  year  for  18  percent  of  the  sample;  cigarettes 
were  used  first  by  62  percent  of  the  sample,  and  alcohol  was  used 
first  by  20  percent.  Among  those  who  tried  both  cigarettes  and 
marijuana,  14  percent  first  tried  these  drugs  in  the  same  year,  75 
percent  tried  cigarettes  first,  and  11  percent  tried  marijuana  first. 
Among  those  who  tried  both  cigarettes  and  cocaine,  95  percent  used 
cigarettes  first,  3  percent  used  them  first  the  same  year,  and  only  2 
percent  used  cocaine  before  cigarettes.  These  observations  show  that 
when  cigarettes  and  another  of  these  dependence-producing  drugs 
have  been  used  by  the  same  individual,  cigarette  use  usually  is  the 
first  of  the  two  drugs  used.  One  difference  between  cigarette  smoking 
and  the  use  of  other  common  substances  (e.g.,  milk,  sugar,  or  aspirin) 
that  may  also  precede  the  use  of  illicit  drugs  is  that  nicotine  itself  is 
a  drug  that  produces  the  tolerance,  physical  dependence,  and  drug- 
seeking  behavior  that  meet  the  criteria  of  a  drug-dependence 
syndrome. 

Frequency  of  Use  of  Cigarettes  and  Other  Drugs 

Measures  of  frequency  of  drug  use  also  yield  importsuit  findings. 
The  data  presented  in  Table  4  show  the  percentage  of  persons  in 
three  groups  (never  smoked,  tried  cigarettes  but  never  used  them 
daily,  used  cigarettes  on  a  daily  basis)  who  report  use  of  alcohol, 
marijuana,  and  cocaine.  The  criterion  for  alcohol  use  is  5  or  more 
consecutive  drinks  during  at  least  1  day  in  the  past  30  days;  criteria 
for  marijuana  and  cocaine  use  involve  previous  use  of  these  drugs 
more  than  10  times  during  the  respondent's  lifetime.  These  criteria 
were  used  to  eliminate  those  who  merely  tried  the  drug  on  a  few 
occasions  ("experimental"  use).  The  percentages  are  presented 
separately  for  four  age  groups. 

The  main  finding  shown  in  Table  4  is  that  those  who  become  daily 
cigarette  smokers  are  considerably  more  likely  than  others  to  report 
use  of  these  other  drugs,  regardless  of  age  group.  For  example, 
among  the  12-  to  17-year-olds,  less  than  0.5  percent  of  the  never 
smokers  report  using  marijuana  more  than  10  times  compared  with 
3.3  percent  of  those  who  tried  but  never  used  cigarettes  daily  and 
22.7  percent  of  those  who  have  used  cigarettes  daily.  These  data 
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TABLE  4. — ^Use  of  alcohol,  marijuana^  and  cocaine  among 
*'never"  cigarette  smokers,  **occasionar* 
cigarette  smokers,  and  daily  cigarette  smokers, 
by  age  group  (percentages) 


Cigarette  use  pattern 


Age  group,  ■ 

Never 

Tried,  never 

Smoked 

drug  use 

smoked 

used  daily 

dailv 

Alcohol ' 

12-17 

2.7 

15.9 

38.5 

18-25 

12.3 

31.9 

49.6 

26-34 

9.8 

23.0 

41.3 

^35  , 

5.6 

9.2 

20.1 

Marijuana' 

12-17 

0.2 

3.3 

22.7 

18-25 

3.3 

8.3 

37.4 

26-34 

2.8 

12.9 

30.3 

^35 

0.6 

1.8 

3.8 

Cocaine^ 

12-17 

0.2 

0.8 

6.4 

18-25 

1.3 

4.5 

14.2 

26-34 

1.8 

7.2 

15.6 

>35 

0.2 

0.3 

1.9 

'  Drank  five  or  more  drinks  in  a  row  on  at  least  1  day  in  past  30  days. 

^Used  marijuana  more  than  10  times. 
'  Used  cocaine  more  than  10  times. 

SOURCE;  National  Household  Survey  on  Drug  Abuse,  1985.  (in  preparation) 


extend  those  presented  in  Table  3:  associations  exist  between 
c^arette  smoking  and  other  dn^  use  when  considering  "current" 
use  (any  use  in  the  past  30  days)  (Table  3)  or  measures  of  frequency 
of  drug  use  (Table  4).  Similarly,  a  study  of  alcohol  drinking  and 
cigarette  smoking  among  students  in  grades  7  to  12  in  New  York 
State  showed  a  positive  correlation  between  the  frequency  of 
consuming  alcoholic  beverages  and  both  the  likelihood  of  smoking 
cigarettes  and  daily  cigarette  consumption  (Welte  and  Barnes  1987). 

Initiation  of  Drug  Use 

Initiation  of  drug  use  often  occurs  through  social  contacts, 
independent  of  the  pharmacologic  actions  of  the  drug.  Drug  seeking 
is  then  sustained  and  modulated  through  combined  social  and 
pharmacologic  factors.  With  the  possible  exception  of  stimulants 
such  as  cocaine  and  amphetamine,  initial  exposure  to  many  psy- 
choactive drugs  (including  opioids,  alcohol,  and  nicotine)  is  often 
associated  with  aversive  consequences  (Haertzen,  Hooks,  Ross  1981; 
Haertzen,  Kocher,  Miyasato  1983).  For  example,  opioids  may  pro- 
duce nausea;  alcohol  and  nicotine  not  only  produce  nausea  but  may 
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produce  initially  aversive  sensory  effects  in  some  preparations  (e.g., 
high-concentration  alcoholic  beverages  may  taste  "bad"  and  ciga- 
rette smoke  may  be  "harsh").  As  a  consequence,  lengthy  periods  of 
occasional  ("experimental"  or  "social")  drug  use  frequently  precede 
the  development  of  daily  drug  use. 

These  observations  imply  that  nondrug  factors  are  important  in 
the  initiation  and  maintenance  of  drug  intake  until  dependence 
upon  the  drug  itself  develops  (Crowley  and  Rhine  1985;  Vaillant 
1970,  1982;  Marlatt  and  Baer  1988;  Brown  and  Mills  1987).  As 
discussed  elsewhere  in  this  Chapter,  such  factors  can  also  modulate 
level  of  drug  use  as  well  as  influence  the  frequency  of  quitting 
attempts  and  their  likelihood  of  success  (see  also  Chapters  IV  and 
VII  in  this  volume  and  earlier  Reports  of  the  Surgeon  General).  The 
specific  factors  that  have  been  identified  and  accepted  as  prominent 
in  helping  to  establish  initial  exposure  to  drugs  (Crowley  ahd  Rhine 
1985)  include  availability  of  the  drug,  cost  of  the  drug,  social 
acceptability  of  the  drug,  and  other  environmental  sources  of 
pressure  to  use  drugs. 

The  acceptability  of  the  drug  preparation  itself  can  be  manipulat- 
ed by  controlling  the  dose  of  the  drug  and  increasing  its  sensory 
palatability.  For  example,  the  utility  of  some  of  the  newer  smokeless 
tobacco  formulations  as  "starter"  products  for  youth  is  held  to  be  due 
in  part  to  the  lower  concentrations  of  nicotine,  formulations  that 
facilitate  use  (e.g.,  snuff  in  pouches),  as  well  as  nontobacco  flavorings 
(e.g.,  mint  or  cinnamon)  (Henningfield  and  Nemeth-Coslett  1988;  US 
DHHS  1986,  1987;  Connolly  et  al.  1986).  Such  strategies  of  "starter 
product"  manipulation  are  analogous  to  those  used  to  initiate  drug 
seeking  in  laboratory  animals,  described  later  in  this  Chapter.  Such 
product  acceptability  factors,  combined  with  the  ready  availability, 
peer  pressure  to  use,  perceptions  that  the  products  were  safe,  and 
marketing  strategies  aimed  at  increasing  the  social  desirability  of 
smokeless  tobacco  use,  appear  to  have  been  largely  responsible  for 
the  marked  rise  in  use  of  smokeless  tobacco  by  youth  in  the  1970s 
(Ary,  Lichtenstein,  Severson  1987;  Christen  and  Glover  1987;  Con- 
nolly et  al.  1986;  Connolly,  Blum,  Richards  1987;  Glover  et  al.  1986; 
Guggenheimer  et  al.  1987;  Kim  1987;  Kozlowski  et  al.  1982;  Marty  et 
al.  1986;  Negin  1985;  Silvis  and  Perry  1987;  US  DHHS  1979; 
Appendix  A). 

Vulnerability  to  Drug  Dependence:  Individual  and 
Environmental  Factors 

Despite  the  complexity  of  the  issues,  it  is  useful  to  identify  factors 
that  (hfferentiate  in<Hviduals  who  appear  more  susceptible  to  drug 
dependence.  These  factors  may  collectively  be  termed  vulnerability 
factors.  Vulnerability  factors  are  diverse,  varying  among  individuals 
and  within  individuals  at  different  times  (Radouco-Thomas  et  a:l. 
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1980;  Marlatt  and  Baer  1988;  Brown  and  Mills  1987).  Vulnerability 
may  arise  from  genetic  variation  or  from  environmental  sources 
including  learning  (Jones  and  Battjes  1985).  Vulnerability  factors 
are  such  that  they  do  not  necessarily  compel  a  person  to  use  a  drug; 
in  fact,  they  might  be  undetected  in  a  person  never  exposed  to  a 
dependence-producing  drug.  Nonetheless,  the  presence  of  several 
vulnerability  factors  can  increase  the  likelihood  of  the  development 
of  drug  dependence,  including  cigarette  smoking. 

The  concept  of  a  predisposition  to  drug  dependence  arose  from  the 
observation  that  not  all  people  are  equally  prone  to  becoming 
behaviorally  dependent  upon  drugs  (Mann  et  al.  1985;  Radouco- 
Thomas  et  al.  1980;  Jaffe  1985;  M.N.  Hesselbrock  1986;  V.M. 
Hesselbrock  1986;  Mirin,  Weiss,  Michael  1986).  The  multiple  sources 
of  differences  in  predisposition  or  vulnerability  to  drug  dependence 
are  not  mutually  exclusive.  One  is  a  genetic  predisposition,  shared  by 
family  members  by  virtue  of  their  common  biological  heritage. 
Another  is  an  experiential  predisposition,  shared  by  family  members 
by  virtue  of  their  shared  life  experiences.  For  instance,  children  with 
parents  who  are  dependent  on  drugs  are  at  elevated  risk  of  becoming 
dependent  (Hawkins,  Lishner,  Catalano  1986;  Begletier  et  al.  1984; 
Kumpfer  1987).  For  tobacco,  the  magnitude  of  the  effect  is  greater 
when  both  parents  smoke  than  when  only  one  parent  smokes 
(Borland  £ind  Rudolf  1975;  Green  1979).  Other  types  of  vulnerability 
factors  are  physiologic  (e.g.,  pain,  sleep  deprivation)  and  psychiatric 
(e.g.,  anxiety,  depression)  conditions  that  may  constitute  undesirable 
states  for  which  relief  is  sought  by  use  of  a  drug  (Crowley  and  Rhine 
1985).  Finally,  as  discussed  earlier  in  this  Chapter,  a  variety  of 
nonpharmacologic  factors  are  important  in  the  initiation  and 
development  of  drug  dependence  (e.g.,  price,  availability);  such 
factors  may  be  considered  vulnerability  factors  in  their  own  right. 

A  recent  area  under  active  investigation  is  the  identification  of 
specific  vulnerability  factors  in  youth  (Brown  and  Mills  1987).  For 
example,  cigarette  smoking  has  long  been  associated  with  juvenile 
behavior  problems  (Armstrong-Jones  1927;  Welte  and  Barnes  1987; 
Kumpfer  1987);  more  recently,  scientific  data  have  confirmed  the 
statistical  association  of  increased  rates  of  cigarette  smoking  among 
juveniles  with  a  conduct  disorder  diagnosis  (i.e.,  adolescent  deviance) 
(Sutker  1984).  A  related  observation  is  that  children  with  conduct 
disorders  are  at  elevated  risk  of  using  opioids,  cocaine,  alcohol, 
tobacco,  and  other  psychoactive  drugs  (Baumrind  1985).  In  fact, 
Kellam,  Ensminger,  and  Simon  (1980)  found  that  certain  indices  of 
mental  health  identified  in  first  graders  were  highly  predictive  of 
the  use  of  various  psychoactive  drugs  (including  alcohol,  opioids, 
marijuana,  and  nicotine)  when  the  children  were  restudied  in  their 
teenage  years.  These  studies  do  not  directly  address  the  degree  to 
which  juvenile  behavior  problems  are  causes  or  consequences  of  drug 
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use.  It  is  plausible  that  either  drug  use  or  other  behavior  problems 
can  exacerbate  each  other,  possibly  alternately  contributing  to  a 
gradual  escalation  of  drug  use,  behavior  problems,  or  both.  These 
observations  suggest  that  it  is  especially  important  to  prevent 
initiation  of  drug  use  among  individuals  who  appear  to  be  at 
increased  risk  (vulnerability)  to  developing  drug  dependencies. 

Pharmacologic  Determinants  of  Drug  Dependence 

As  discussed  earlier  in  this  Chapter  and  in  Chapter  I,  it  is  the 
involvement  of  a  dependence-producing  drug  that  sets  drug  addic- 
tions apart  from  the  so-called  "addictions"  to  other  substances  (e.g., 
food)  and  activities  (e.g.,  gambling).  There  are  scientific  methods  to 
determine  if  use  of  a  substance  involves  a  dependence-producing 
drug.  These  methods,  how  they  are  applied  to  study  drugs  such  as 
morphine,  cocaine,  and  nicotine,  and  some  of  the  main  findings  from 
such  work  are  reviewed  in  this  Section. 

A  wide  range  of  drugs  can  be  used  to  modify  behavior  (e.g.,  as  used 
in  psychiatric  treatment);  however,  the  term  drug  dependence  is 
generally  reserved  for  dependencies  which  involve  drugs  that  can 
sustain  repetitive  drug  self-administration  by  virtue  of  their  tran- 
sient effects  on  mood,  feeling,  and  behavior.  Drugs  that  exert  such 
effects  via  alteration  of  functioning  of  the  brain  or  central  nervous 
system  (CNS)  are  generally  termed  "psychoactive"  (WHO  1981). 
When  the  psychoactivity  of  a  given  drug  is  frequently  pleasant,  it  is 
referred  to  as  a  "euphoriant,"  as  "reinforcing,"  or  as  an  "abusable" 
drug,  although  these  terms  are  not  precisely  interchangeable.  This 
framework  is  consistent  with  that  described  by  Lewin  (1931); 
namely,  that  these  drugs  are  chemicals  which  are  "taken  for  the  sole 
purpose  of  producing  for  a  certain  time  a  feeling  of  contentment, 
ease,  and  comfort."  Drugs  which  produce  such  effects  effectively 
control  the  behavior  of  a  wide  range  of  species,  including  humans. 

How  Drugs  Control  Behavior 

Drugs  cause  addiction  by  controlling  the  behavior  of  users;  that  is, 
addicting  drugs  come  to  influence  behavior  leading  to  their  own 
ingestion.  The  behavioral  and  pharmacologic  mechanisms  of  such 
control  have  been  reviewed  elsewhere  (Thompson  1984)  and  will  only 
be  briefly  summarized  in  this  Section.  Behavior,  including  drug 
taking,  is  biologically  mediated  by  the  electrical  and  chemical 
stimuli  which  arise  from  the  nervous  system.  These  stimuli  may 
originate  within  the  body  and  brain  of  the  individual,  but  they  may 
also  arise  from  environmental  events  and  be  detected  by  sensory 
processes  such  as  vision  and  audition.  Dependence-producing  drugs 
control  behavior  by  activating,  inhibiting,  or  mimicking  the  existing 
chemical  circuits  of  the  nervous  system.  Dependence-producing 
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drugs  are  those  that  readily  exert  control  over  behavior  by  virtue  of 
their  stimulus  properties.  It  is  useful  to  distinguish  among  four  kinds 
of  stimulus  effects  produced  by  dependence-producing  drugs. 

(1)  Drugs  can  produce  interoceptive  or  discriminative  effects  that  a 
person  or  animal  can  distinguish  from  the  nondrug  state.  These 
effects  may  set  the  occasion  for  the  occurrence  of  particular 
behaviors.  For  example,  the  taste  of  alcohol  or  the  smell  of  tobacco 
smoke  can  set  the  occasion  for  social  interactions,  and  the  "priming" 
effects  of  a  single  dose  of  a  drug  can  lead  to  subsequent  drug  seeking 
and  relapse  in  animals  or  humans  with  a  history  of  use  (Griffiths, 
Bigelow,  Henningfield  1980;  Colpaert  1986). 

(2)  Drugs  may  serve  as  positive  reinforcers  or  rewards  which 
directly  strengthen  behavior  leading  to  their  administration.  The 
reinforcing  efficacy  may  be  related  to  effects  termed  either  "stimu- 
lating," "relaxing,"  "pleasant,"  "useful,"  "therapeutic,"  or  "euphori- 
ant" or  may  be  related  to  providing  relief  of  withdrawal  symptoms  or 
other  undesirable  states. 

(3)  Drug  administration  or  abstinence  can  also  function  as 
"pMTiisAers"  or  aversive  stimuli.  For  example,  high-dose  levels  of 
most  psychoactive  drugs  serve  as  an  upper  boundary  level  of  intake; 
analogously,  decreasing  drug  levels  can  also  function  as  aversive 
stimuli  contributing  to  the  strength  of  drug  taking  as  a  means  to 
avoid  such  aversive  effects  (Downs  and  Woods  1974;  Goldberg  et  al. 
1971;  Henningfield  and  Croldberg  1983b;  Kozlowski  and  Herman 
1984).  Aversive  stimuli  may  function  as  negative  reinforcers  by 
strengthening  behavior  that  removes  the  stimuli  (Skinner  1953). 
Thus,  drug  withdrawal  symptoms  are  sometimes  referred  to  as 
negative  reinforcers  that  increase  drug  seeking. 

(4)  Drug  administration,  or  abstinence  following  a  period  of 
chronic  administration,  can  serve  as  unconditioned  stimuli,  in  which 
case  they  may  directly  elicit  various  responses,  e.g.,  vomiting  at  high- 
dose  levels  of  opioid  administration  or  during  opioid  withdrawal, 
light-headedness  produced  by  rapid  smoking,  and  a  strong  urge  to 
use  a  drug.  As  will  be  discussed  later  in  this  Chapter,  repetition  of 
such  phenomena  can  lead  to  their  elicitation  by  drug-associated 
stimuli,  e.g.,  the  sight  or  smell  of  drug-associated  stimuli  (O'Brien, 
Ehrman,  Ternes  1986;  Wikler  1965;  Wikler  and  Pescor  1967). 

All  of  these  processes  may  occur  whether  or  not  the  person  has 
correctly  identified  their  source,  i.e.,  is  "aware"  of  how  the  drug  led 
to  the  behavior  (Fisher  1986).  Furthermore,  the  biological  power  and 
generality  of  these  processes  are  evidenced  by  the  findings  that  they 
also  occur  in  animals  (Young  and  Herling  1986;  Spealman  and 
Goldberg  1978;  Johanson  and  Schuster  1981). 

Drugs  differ  widely  in  their  potential  to  control  behavior  via  such 
mechanisms.  Dependence-producing  drugs  usually  readily  control 
behavior  in  all  of  the  above  capacities.  Quantification  of  such 
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characteristics  is  the  cornerstone  of  testing  for  the  likelihood  that 
use  of  a  drug  will  lead  to  addiction.  Observers  in  the  19th  and  early 
20th  centuries  (e.g.,  Lewin  1931)  had  correctly  determined  that  it 
was  the  psychological  (behavioral)  effects  (sometimes  termed  "psych- 
ic" or  "mental"  effects)  of  substances  that  led  to  their  habitual  use. 
Practical  methods  for  evaluating  the  behavior-modifying  properties 
of  drugs  did  not  emerge  until  the  behavioral  sciences  themselves  had 
become  sufficiently  sophisticated  in  the  1930s  and  1940s.  Prior  to 
this  time,  dependence-producing  drugs  were  identified  on  the  basis  of 
retrospective  observations  of  their  effects.  Since  the  1940s,  however, 
drug  testing  has  grown  increasingly  reliable  at  identifying  ("screen- 
ing") drugs  for  their  potential  to  produce  dependence  prior  to 
observations  of  dependence  outside  the  laboratory.  In  fact,  highly 
reliable  information  can  now  be  obtained  on  the  basis  of  animal 
testing  alone  (Martin  1971;  Thompson  £md  Unna  1977;  Brady  and 
Lukas  1984;  Bozarth  1987b). 

Methods  for  evaluating  the  behavior-modif3dng  properties  of  drugs 
were  largely  developed  beginning  in  the  1940s  in  studies  with 
morphine-like  opioids  and  cocaine-like  stimulants,  and  have  only 
recently  been  systematically  used  to  evaluate  nicotine.  The  methods 
will  be  described  in  the  remainder  of  this  Section,  along  with  a 
comparison  between  the  behavioral-pharmacologic  actions  of  nic- 
otine and  those  of  other  drugs. 

Dependence  Potential  Testing:  Psychoactive,  Reinforcing, 
and  Related  Effects 

To  scientifically  determine  if  a  chemical  is  dependence  producing, 
a  series  of  scientific  tests  may  be  done.  These  tests  are  jointly  termed 
dependence  potential  tests.  In  this  Chapter,  Dependence  Potential 
Testing  refers  to  laboratory  tests  which  measure  the  behavioral  and 
phjrsiological  responses  of  animals  and  humans  to  drug  administra- 
tion and  to  termination  of  chronic  drug  administration.  Taken 
together,  the  results  of  these  tests  can  be  used  to  objectively  predict 
whether  a  drug  lends  itself  to  self-administration  by  persons  who  are 
exposed.  The  focus  of  the  present  Section  is  on  how  the  methods  are 
applied  to  evaluate  the  potential  of  drugs  to  control  behavior  and  to 
produce  transient  alterations  in  mood  or  feeling  that  are  predictive 
of  self-administration.  Such  effects  have  essentially  defined  the 
dependence-producing  drugs  and  have  set  them  apart  from  other 
medicinals  and  food;  drugs  with  such  effects  are  sometimes  termed 
"psychotropic"  or  "behaviorally  active"  but  most  commonly  as 
"psychoactive"  (President's  Advisory  Commission  1963;  WHO  1981). 

Not  all  psychoactive  drugs  lead  to  dependence;  many  drugs  used  to 
treat  behavioral  and  psychiatric  disorders  are  considered  to  have 
minimal  dependence  potential  (for  example,  tricyclic  antidepres- 
sants) or  may  actually  produce  effects  that  substantially  impair  long- 
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term  compliance  with  therapeutic  regimens  (for  example,  major 
tranquilizers).  How  dependence-producing  drugs  are  distinguished 
from  other  psychoactive  drugs  will  be  described  in  this  Section.  The 
next  Section  will  discuss  methods  used  to  measure  test  drugs  for 
their  potential  to  produce  tolerance  and  physical  dependence. 

In  reviews  and  proceedings  from  various  expert  committees,  the 
procedures  to  be  described  have  been  referred  to  as  testing  for 
"Abuse  Liability,"  "Psychic  Dependence,"  "Abuse  Potential,"  "Ad- 
diction Liability,"  "Behavioral  Dependence,"  and  "Dependence  Po- 
tential" (Brady  and  Lukas  1984;  Goldberg  and  Hoffmeister  1973; 
Thompson  and  Unna  1977;  Seiden  and  Balster  1985;  Thompson  and 
Johanson  1981;  Bozarth  1987b;  WHO  1981).  Whereas  there  are 
differences  in  focus  that  are  evident  when  these  methods  are 
compared,  the  general  goals  and  strategies  are  consistent.  These  will 
be  briefly  described  in  this  Section.  Detailed  descriptions  of  these 
methods  have  been  provided  by  an  expert  subcommittee  of  the 
Committee  on  Problems  of  Drug  Dependence  (Brady  and  Lukas  1984) 
and  in  numerous  conferences  involving  world  experts  on  such 
procedures  (Goldberg  and  Hoffmeister  1973;  Thompson  and  tJnna 
1977;  Seiden  and  Balster  1985;  Thompson  and  Johanson  1981; 
Bozarth  1987b).  The  results  of  the  methods  are  also  considered  in  tlie 
process  of  reviewing  the  national  and  international  regulatory  status 
of  various  drugs  either  known  or  suspected  to  be  addicting  by  the 
FDA,  the  Drug  Enforcement  Agency  (DEA),  and  the  WHO  (WHO 
1981,  1987). 

Effects  of  Drugs  on  Mood  and  Feeling  (Psychoactivity) 

Dependence-producing  drugs  can  change  the  way  a  person  thinks, 
feels,  and  behaves.  The  effects  may  be  very  subtle  (e.g.,  feelings  of 
relaxation),  or  they  may  be  profound  (e.g.,  intoxication  and  impaired 
cognitive  abilities).  The  scientific  assessment  of  the  effects  of  drugs 
on  mood  and  feeling  (also  referred  to  as  "psychoactive,"  "psychologi- 
cal," "interoceptive,"  "subjective,"  "psychic,"  or  "self-reported" 
effects)  was  essentially  an  extension  of  the  methods  developed  to 
assess  physiological  actions  of  drugs.  By  the  late  1940s,  several  drug 
dependence  researchers  had  concluded  that  physical  dependence 
potential  testing  was  of  limited  value  in  predicting  whether  drug- 
seeking  behavior  would  develop  following  exposure  to  a  given  drug 
(Isbell  1948;  Isbell  and  Vogel  1948).  These  researchers  used  observa- 
tional techniques  to  measure  interoceptive  drug  effects.  Later,  the 
reliability  and  general  applicability  of  the  techniques  were  substan- 
tially enhanced  by  incorporation  of  the  methods  developed  by  Rao 
(1952)  for  assessing  changes  in  subjective  state  and  the  methods 
developed  by  Beecher  (1959)  for  the  measurement  of  pain  and 
analgesia  in  humans. 
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These  methods  contributed  to  the  development  of  what  are 
generally  considered  the  first  objective  questionnaires  for  assessing 
addictive  drug  effects  by  Fraser  and  his  colleagues  (Fraser  and  Isbell 
1960;  Fraser  et  al.  1961).  A  prominent  feature  of  the  questionnaires 
was  a  series  of  scales  to  evaluate  the  ability  to  feel  or  discriminate  a 
drug  effect,  to  rate  the  liking  of  the  drug  effect,  and  to  identify  the 
drug  that  was  given  from  a  list  of  widely  used  and  abused  drugs. 

The  next  major  advance  in  the  quantification  of  subjective  drug 
effects  was  the  development  of  the  Addiction  Research  Center 
Inventory  (ARCI)  by  Haertzen  and  his  colleagues  (Haertzen,  Hill, 
Belleville  1963;  Haertzen  1966,  1974;  Haertzen  and  Hooks  1969; 
Haertzen  and  Hickey  1987).  The  ARCI  contained  scales  that  were 
empirically  derived  to  be  sensitive  to  the  effects  of  specific  drugs  and 
drug  classes  (e.g.,  sedatives,  stimulants,  hallucinogens).  One  of  the 
most  useful  scales  was  developed  to  measure  the  effects  of  morphine 
and  benzedrine  (a  prototypical  opioid  and  stimulant,  respectively); 
this  scale  was  subsequently  referred  to  as  the  "Morphine  Benzedrine 
Group"  or  "MBG"  or  "Euphoriant"  scale,  because  morphine-like  and 
benzedrine-like  dru^  increased  the  scale  scores  while  simultaneous- 
ly producing  feelings  often  reported  as  pleasurable  (Haertzen,  Hill, 
Belleville  1963;  Haertzen  1974).  Scores  on  the  MBG  scale  are  also 
elevated  by  most  other  addicting  drugs  (Jasinski  1977;  Jasinski, 
Johnson,  Henningfield  1984;  Henningfield  1984).  More  recently,  the 
highly  specific  drug  discrimination  testing  procedures  (described 
below)  have  been  added  to  the  human  drug  dependence  potential 
testing  armamentarium  (Chait,  Uhlenhuth,  Johanson  1984,  1985). 

To  the  extent  to  which  certain  common  features  are  identified 
using  tests  such  as  the  above,  they  may  be  categorized  together,  e.g., 
as  dependence-producing  or  addicting  drugs.  This  is  referred  to  as 
determining  "pharmacologic"  equivalence.  Conversely,  to  the  extent 
to  which  these  same  drugs  differ  in  certain  respects,  they  may  also 
be  subcategorized  as,  for  instance,  analgesics,  sedatives,  or  stimu- 
lants. Such  categorization  must  be  viewed  with  caution,  however, 
because  overemphasis  on  any  particular  feature  of  a  drug  can  be 
misleading.  For  instance,  morphine,,  alcohol,  and  amphetamine  can 
all  produce  behavioral  and  physiological  effects  that  are  stimulant- 
like as  well  as  effects  that  are  sedative-like  (Gilman  et  al.  1985;  Dews 
and  Wenger  1977),  Nicotine  has  been  viewed  as  both  a  stimulant 
("excitant")  (Lewin  1931)  and  a  sedative  (Armstrong-Jones  1927). 
Most  commonly  nicotine  is  now  categorized  as  more  stimulant-like 
than  sedative-like,  but  with  an  appreciation  of  its  diverse  range  of 
potential  effects,  which  depend  upon  the  dose  given  and  the  measure 
used  (Gilman  et  al.  1985). 
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Methods  and  Results 


Assessment  of  the  psychoactivity  of  drugs  in  humans  essentially 
entails  giving  either  drug  or  placebo  to  volunteers  and  then  asking 
them  to  report  the  nature  of  effects  produced.  Repllcability  and 
objectivity  are  increased  by  using  standardized  questionnaires  such 
as  those  described  above  (e.g.,  "liking"  scales,  ARCI).  In  practice, 
several  procedural  variations  are  used  to  further  enhance  the 
reliability  and  validity  of  the  results.  The  dose  of  the  drug  is  varied 
to  assess  the  nature  of  the  dose-effect  relationships;  for  all  depen- 
dence-producing drugs,  ratings  of  dose  strength  or  the  percentage  of 
accurate  drug  identifications,  is  directly  related  to  the  dose  given. 
Subjects  with  histories  of  use  of  a  variety  of  drugs  can  be  asked  to 
report  which,  if  any,  of  those  drugs  the  test  drug  feels  like;  such 
testing  is  useful  to  determine  the  extent  to  which  the  test  drug 
produces  any  effects  on  mood  and  feeling  that  resemble  those  of 
previously  studied  drugs.  Subjects  with  histories  of  use  of  a  variety  of 
drugs  and  who  report  "liking"  the  effects  of  a  range  of  drugs  can  be 
used  to  help  assess  the  dependence  potential  of  the  test  drug  by 
rating  how  desirable  they  find  it  to  be. 

Incorporation  of  several  of  these  methods  can  add  considerably  to 
the  strength  of  conclusions  which  can  be  drawn.  For  example, 
morphine-like  opioids,  pentobarbital-like  barbiturates,  amphet- 
amine-like stimulants  (including  cocaine),  alcohol,  and  nicotine  all 
produce  rapidly  onsetting  and  offsetting  discriminative  effects;  the 
magnitude  and  duration  of  these  effects  are  directly  related  td  dose; 
all  elevate  scores  on  the  liking  and  MBG  scales;  the  effects  of  all  are 
directly  (though  complexly)  related  to  pharmacokinetic  factors  such 
as  rate  of  systemic  absorption;  all  produce  discriminative  effects  that 
correspond  to  certain  physiological  changes;  all  produce  effects  that 
can  be  accurately  identified  by  an  observer;  all  are  identified  as 
known  addicting  drugs  by  subjects  with  a  history  of  use  of  such 
drugs;  pretreatment  with  antagonists  may  block  these  effects  (only 
opioids  and  nicotine  have  been  systematically  studied  on  this 
dimension).  Such  orderly  and  consistent  kinds  of  effects  across  drugs 
confirm  that  they  are  appropriately  categorized  together  as  addict- 
ing drugs. 

The  selectivity  and  sensitivity  of  such  procedures  are  illustrated  in 
Figure  1.  As  shown  in  the  Figure,  when  persons  with  multiple  drug 
dependence  histories  were  given  drugs  under  double-blind  condi- 
tions, they  rated  placebo  (unconnected  data  point  on  each  graph)  and 
the  nonaddicting  zomepirac  at  a  minimal  level  of  "liking"  (Jasinski, 
Johnson,  Henningfield  1984).  As  a  direct  function  of  dose,  however, 
the  known  addicting  drugs  were  rated  with  greater  liking  scores.  As 
also  illustrated  in  Figure  1,  nicotine  produced  comparable  dose^ 
related  increases  in  drug  liking  scores  as  did  amphetamine,  mor- 
phine, and  pentobarbital.  Studies  with  human  volunteers  have  also 
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FIGURE  1. — Liking  scale  scores  of  the  single-dose 
questionnaire 

NOTE;  Sample  size  ranges  from  6  (pentobarbital  and  chlordiazepoxide)  to  13  (d-amphetamine).  The  high  dose  of 
each  drug  (except  zomepirac)  produced  significant  (p<0.05)  increases  in  scores  above  placebo.  Data  are  peak 
response,  which  occurred  from  approximately  1  minute  (nicotine)  to  5  hours  (buprenorphine).  Morphine  and 
zomepirac  data  are  from  the  same  group  of  subjects  as  pentobarbital  and  chlordiazepoxide  data.  The  P  +  T  point 
on  the  pentazocine  graph  is  the  score  given  to  40  mg  pentazocine  combined  with  50  mg  tripelennamine.  The  M 
point  on  the  A-9-THC  graph  is  the  score,  from  the  same  subjects,  obtained  after  smoking  a  marijuana  cigarette 
containing  10  mg  (1  percent  by  wei^t)  A-9-THC. 

SOURCE:  Jasinski,  Johnson,  Henningfield  (1984). 


shown  that  most  of  the  known  addicting  drugs  (including  nicotine) 
produced  certain  changes  in  mood  and  feeling  that  resemble  those 
produced  by  morphine  or  benzedrine  enough  to  significantly  elevate 
the  MBG  scale  scores  (Griffiths,  Bigelow,  Henningfield  1980;  Hen- 
ningfield, Johnson,  Jasinski  1987). 
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The  validity  of  self-reported  drug  effects  as  objective  indices  of 
dependence  potential  has  been  tested  using  similar  rating  scales  by 
observers  who  are  blind  to  the  condition.  On  the  basis  of  their 
observations  of  subject  behavior,  observers  report  similar  dose- 
related  increases  in  scores  on  the  strength  of  the  drug  effect  and/or 
the  level  of  drug  liking  for  alcohol  (Henningfield,  Chait,  Griffiths 
1983),  pentobarbital  (Martin,  Thompson,  Fraser  1974;  Henningfield, 
Chait,  Griffiths  1983),  morphine  and  heroin  (Martin  and  Fraser 
1961),  amphetamine  (Jasinski  and  Nutt  1972;  Jasinski,  Nutt,  Griffith 
1974),  and  a  variety  of  other  dependencerproducing  drugs  (Jasinski 
1977).  A  similar  correspondence  between  subject  and  observer 
ratings  was  obtained  when  subjects  were  given  either  i.v.  nicotine 
injections  or  research  cigarettes  which  varied  in  nicotine  dose 
(Henningfield,  Miyasato,  Jasinski  1985), 

Effects  on  mood  and  feeling  also  correspond  to  a  variety  of 
physiological  effects.  Some  of  these  physiolt^cal  changes  vary  by 
drug  class.  For  example,  pupil  diameter  increases  appear  to  corre- 
spond to  early  nicotine-induced  subjective  effects  and  to  amphet- 
amine and  cocaine  administration  (Henningfield  et  al.  1983;  Jaffe 
1985),  whereas  pupil  diameter  decreases  when  morphine  is  given 
(Jasinski  1977).  Other  physiological  effects  show  a  greater  degree  of 
similarity  across  drug  classes.  For  example,  studies  of  ethanol 
administration  in  human  subjects  revealed  that  paroxysmal  bursts 
of  electroencephalogram  (EEG)  alpha  activity  paralleled  subjective 
reports  of  euphoria  during  the  ascending  limb  of  the  plasma  ethanol 
curve  (Lukas  et  al.  1986b,c),  which  also  paralleled  increases  in 
plasma  adrenocorticotropic  hormone  (ACTH)  levels  (Lukas  and 
Mendelson,  in  press).  Similar  effects  were  observed  following  mari- 
juana smoking  (Lukas  et  al.  1985,  1986a)  and  acute  i.v.  nicotine 
administration  (Lukas  and  Jasinski  1983).  In  turn,  similar  changes 
in  EEG  alpha  activity  have  been  shown  to  correspond  with  subject- 
reported  pleasurable  states  which  can  occur  in  the  absence  of  drug 
administration  (Lindsley  1952;  Brown  1970;  Wallace  1970;  Matejcek 
1982). 

Drug  Discrimination  Testing 

Drug  discrimination  testing  in  animals  is  assumed  to  provide 
information  analogous  to  the  above-described  procedures  for  assess- 
ing the  effects  of  drugs  on  mood  and  feeling  in  humans  (Groldberg, 
Spealman,  Shannon  1981).  Drug  discrimination  testing  can  provide 
two  general  kinds  of  information.  First,  the  ability  of  dependence- 
producing  drugs  to  control  behavior  by  serving  as  positive  reinforc- 
ers  or  punishers  is  associated  with  whether  they  produce  interocep- 
tive effects  which  are  discriminated  (or  "felt").  Second,  drugs  can  be 
compared  with  each  other  to  determine  the  degree  to  which  they  are 
identified  as  similar  or  different.  The  methods  used  for  drug 
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discrimination  testing  in  animals  were  not  systematized  and  widely 
utilized  until  the  late  1960s  and  early  1970s  (Overton  1971;  Overton 
and  Batta  1977;  Schuster  and  Balster  1977;  Jarbe  and  Swedberg 
1982). 

Extension  of  animal  discrimination  study  results  to  humans  is 
limited  by  species  differences  and  by  other  unique  hum£m  factors 
that  may  contribute  to  the  dependence  potential  of  a  drug.  Nonethe- 
less, animal  studies  are  an  important  advance  because  they  permit 
relatively  inexpensive  and  rapid  testing  of  a  broad  range  of 
compounds  and  allow  evaluations  to  be  made  without  the  possible 
confounding  social  and  cultural  factors.  Animal  studies  also  provide 
a  rneahis  of  gauging  the  biological  generality  of  the  drug  discrimina- 
tion data  (e.g.,  to  determine  if  unusual  genetic  characteristics  are 
necessary  for  certain  drug  effects). 

Methods  and  Results 

These  procedures  and  variations  have  been  described  in  greater 
detail  elsewhere  (Overton  and  Batta  1977;  Colpaert  1986;  Rosecrans 
and  Meltzer  1981).  In  brief,  the  basic  method  is  to  train  animals  to 
emit  one  response  when  given  one  drug  and  to  emit  another  response 
when  given  either  no  drug  (i.e.,  placebo)  or  a  different  drug.  The 
animals  are  usually  trained  with  either  food  reinforcement  or  the 
withholding  of  electrical  shock  for  "correct"  responses.  When  the 
animals  have  been  trained  to  a  level  of  80  or  90  percent  correct 
responses,  they  are  said  to  be  discriminating  drug  from  placebo. 
Then  they  are  ready  for  the  testing  of  different  doses  of  the  training 
drug  or  different  drugs.  This  testing  is  often  accomplished  without 
the  use  of  food  or  shock  contingencies,  so  that  it  can  be  determined 
which  response  the  animal  will  make  when  given  the  test  drug. 

A  check  on  the  validity  is  to  give  lower  doses  of  the  training  drug; 
the  lower  the  dose,  the  less  the  animal  should  respond  on  the  drug 
lever  and  the  more  on  the  placebo  lever.  A  similar  effect  is  obtained 
when  an  antagonist  is  given  before  testing  with  the  training  drug;  as 
the  dose  of  the  antagonist  is  increased,  the  ability  of  the  animal  to 
discriminate  the  training  drug  decreases  and  the  animal  emits  more 
no-drug  responses.  These  effects  have  been  demonstrated  with  both 
the  opioids  and  nicotine  (Overton  1971;  Colpaert  1986;  Rosecrans  and 
Meltzer  1981;  Chapter  III);  i.e.,  decreasing  the  dose  of  the  opioid  or 
nicotine  or  pretreating  with  an  opioid  or  nicotine  antagonist  can 
produce  decreased  drug  lever  responding. 

The  specificity  of  the  stimulus  produced  by  a  drug  can  also  be 
evaluated  by  testing  drugs.  The  degree  to  which  the  animals  make 
the  "drug"  responses  or  "mistake"  the  test  drug  for  the  training  drug 
is  termed  "generalization"  and  indicates  the  level  of  similarity  of 
effects  between  the  drugs  (Colpaert  and  Rosecrans  1978).  Morphine 
analogs,  amphetamine  analogs,  pentobarbital  analogs,  and  nicotine 
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analogs  produce  substantial  amounts  of  generalization  to  morphine, 
amphetamine,  pentobarbital,  and  nicotine,  respectively.  The  fact 
that  there  is  less  generalization  across  drug  classes  is  an  index  of  the 
specificity  of  the  drug  stimulus.  The  cross-drug  classifications  which 
have  resulted  from  animal  discrimination  studies  are  generally 
consistent  with  human  data  (Goldberg,  Spealman,  Shannon  1981). 
For  instance,  if  an  animal  has  been  trained  to  press  one  lever  when 
given  amphetamine  and  another  lever  when  given  pentobarbital,  it 
tends  to  press  the  amphetamine  lever  more  often  than  the  pentobar- 
bital lever  following  a  nicotine  injection  (Schecter  1981).  This  finding 
is  consistent  with  that  obtained  in  a  study  in  which  human 
volunteers  frequently  identified  nicotine  injections  as  amphetamine 
or  cocaine  at  h^her  nicotine  dose  levels  but  not  at  the  lower  levels 
and  only  rarely  identified  the  nicotine  injections  as  sedatives 
(Henningfield,  Miyasato,  Jasinski  1985). 

A  more  recent  development  is  the  extention  of  the  systematic  drug 
discrimination  procedures  to  use  with  human  subjects.  Similar 
methods  are  used,  and  initial  findings  with  drugs  such  as  nicotine 
and  amphetamine  are  comparable  to  the  results  from  animal  studies 
(Kallman  et  al.  1982;  Chait,  Uhlenhuth,  Johanson  1984).  Specifically 
human  volunteers  can  readily  learn  to  differentially  respond  to  the 
presence  or  absence  of  these  drugs,  and  the  effects  are  dose  related. 

Drug  Self-Administration 

When  given  the  mechanical  means  to  do  so,  animals  self-adminis- 
ter addicting  drugs  (including  nicotine)  much  like  humans;  that  is, 
drugs  that  function  as  rewards  or  reinforcers  for  humans  also  tend  to 
function  as  reinforcers  for  animals.  The  conceptualization  of  depen- 
dence-producing drugs  as  reinforcers  provided  the  framework  for  a 
highly  predictive  test  strategy,  the  self-administration  study,  where- 
by animals  or  humans  are  given  the  opportunity  to  take  drugs  under 
laboratory  conditions  (Thompson  and  Schuster  1968).  This  research 
strategy  permitted  scientific  analysis  of  the  single  common  link 
across  all  forms  of  drug  dependence,  namely  that  the  addictive 
behavior  (for  whatever  reason)  is  motivated  or  controlled  by  the 
drug's  reinforcing  (rewarding)  properties  (Goldberg  and  Hoffmeister 
1973;  Thompson  and  Unna  1977;  Seiden  and  Balster  1985).  Stimuli 
that  can  maintain  and  strengthen  behavior  leading  to  their  presen- 
tation are  termed  "positive  reinforcers"  regardless  of  their  hypothe- 
sized mechanism  of  action  (e.g.,  alleviation  of  discomfort  or  produc- 
tion of  pleasure)  (Skinner  1953;  Thompson  and  Schuster  1968).  The 
reinforcing  power  or  efficacy  of  a  drug  can  be  enhanced  by  a  variety 
of  conditions  (e.g.,  deprivation  of  the  drug  which  the  organism  had 
been  repeatedly  given,  pain,  food  deprivation,  social  approval 
contingent  on  drug  taking,  and  perceived  useful  effects)  (Thompson 
and  Schuster  1968;  Thompson  and  Johanson  1981).  Following 
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repeated  exposure  to  a  drug,  a  biologically  mediated  "drive"  state 
can  be  established  that  did  not  preexist  as  do  the  drives  for  food, 
water,  or  sex. 

The  potential  of  a  drug  to  serve  as  a  reinforcer  can  be  directly 
assessed  and  quantified  in  laboratory  studies  of  drug  self-administra- 
tion.  Essentially,  a  human  or  animal  subject  is  given  access  to  the 
drug;  then  his  or  her  propensity  to  take  the  drug  (i.e.,  to  "self- 
administer"  the  drug)  can  be  measured.  The  self-administration  test 
provides  the  opportunity  to  rigorously  study  the  main  distinguishing 
feature  of  drug  dependence,  that  is,  drug-seeking  behavior.  As  is  the 
case  in  drug  discrimination  testing,  animal  data  help  to  determine 
the  generality  of  the  biological  basis  of  the  addictive  process  for  a 
given  drug;  for  example,  such  data  help  to  reveal  if  the  process  is 
unique  to  humans  because  of  social,  genetic,  or  other  factors.  If  the 
drug  is  taken  under  a  variety  of  prescribed  conditions  (summarized 
later  in  this  Section),  then  it  is  said  to  be  functioning  as  a 
"reinforcer"  or  "reward." 

The  validity  £ind  generality  of  self-administration  test  results  were 
demonstrated  by  the  observations  that  (1)  there  was  a  remarkable 
degree  of  consistency  between  patterns  of  drug  self-administration 
among  laboratory  animals  and  observations  concerning  human  drug 
dependence  (Jasinski  1977;  Griffiths^  Bigelow,  Henningfield  1980), 
(2)  drugs  that  serve  as  reinforcers  in  self-Eidministration  studies  also 
tend  to  be  "liked"  when  given  to  humans,  and  (3)  there  was  a  high 
correlation  among  drugs  which  produced  morphine-like  euphoriant 
effects  and  those  which  were  self-administered  by  animals  (Griffiths 
and  Balster  1979;  Griffiths,  Bigelow,  Henningfield  1980;  see  related 
data  in  Schuster,  Fischman,  Johanson  1981). 

Initiation  of  Drug  Self-Administration 

As  discussed  earlier  in  this  Chapter,  drugs  cannot  produce 
dependence  without  initial  exposure  to  them.  Initiation  of  drug  use 
in  humans  is  often  mediated  by  social  and  other  environmental 
sources  of  pressure.  To  determine  if  a  drug  will  reinforce  behavior  in 
animals  similarly  require  some  means  of  providing  exposure  to  the 
drug.  Strategies  for  establishing  drug  taking  in  animals  are  analo- 
gous in  key  respects  to  how  humans  may  become  dependent  upon 
drugs.  Four  general  categories  of  methods  are  most  commonly  used. 
The  methods  are  not  mutually  exclusive  and  are  sometimes  used  in 
combination. 

The  first  method  of  establishing  drug  self-administration  in 
animals  is  to  provide  initial  doses  ("priming"  or  "free  sampling")  and 
then  to  gradually  increase  the  dose  ("graduation").  For  instance,  i.v. 
drug  infusions  may  be  given  to  animals  on  a  chronic  basis  while  the 
animals  are  also  given  the  opportunities  to  take  the  drug.  This 
provides  an  opportunity  to  determine  if  simple  exposure  to  the  drug 
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is  sufficient  to  result  in  drug  seeking.  A  minor  variation  is  to 
gradually  increase  the  dose  of  each  injection  over  time.  This  general 
procedure  has  been  used  to  establish  i.v.  self-administration  of  d- 
amphetamine,  morphine,  alcohol,  pentobarbital,  cocaine,  nicotine, 
and  many  other  drugs  (Deneau  and  Inoki  1967;  Deneau,  Yanagita, 
Seevers  1969;  Yanagita  1977;  Woods,  Ikomi,  Winger  1971;  Brady  and 
Lukas  1984;  Griffiths,  Bigelow,  Henningfield  1980;  Meisch  1987; 
Henningtield  and  Goldberg  1983a). 

A  second  method  of  establishing  drug  self-administration  is  to 
substitute  a  new  drug  for  one  which  was  already  serving  as  a 
reinforcer.  Hunians  do  this  as  a  function  of  drug  availability;  they 
sometimes  learn  to  like  drugs  which  had  not  been  taken  previously 
and  may  even  come  to  prefer  the  new  drug.  Using  this  method  with 
animals  provides  a  means  of  exposure  to  a  new  drug  and  may  be 
useful  in  comparing  one  drug  with  another.  In  animal  studies, 
cocaine  is  the  most  commonly  used  starter  drug,  because  in  animals 
(as  in  humans)  cocaine  seems  to  be  a  source  of  reinforcement  and/or 
pleasure  under  an  extremely  broad  range  of  conditions  compared 
with  most  other  drugs.  Variations  on  this  procedure  have  been  used 
to  evaluate  the  likelihood  of  self-administration  of  a  wide  range  of 
drugs  including  amphetamine,  barbiturates,  alcohol,  opioids,  and 
nicotine  (Griffiths  et  al.  1976,  1981;  Woods  1980;  Deneau  1977; 
Yanagita  1977;  Griffiths,  Bigelow,  Henningfield  1980;  Brady  and 
Lukas  1984;  Meisch  1987;  Chapter  III). 

A  third  method  is  to  induce  the  initial  use  of  the  test  drug  by 
prearranged  environmental  sources  of  "pressure"  or  "motivation." 
Induction  of  drug  taking  can  be  accomplished  with  very  explicit 
contingencies.  For  example,  presentation  of  food  or  withholding  of 
electric  shock  can  be  made  contingent  on  drug  consumption  (Mello 
and  Mendelson  1971a,b).  However,  such  direct  contingencies  often 
result  in  minimal  response  output  (i.e.,  drug  consumption)  to  obtain 
the  positive  reinforcer  or  to  avoid  the  electric  shock,  and  drug  self- 
administration  may  not  persist  after  the  contingencies  are  removed 
(Mello  1973).  For  example,  even  when  physical  dependence  on 
alcohol  had  developed  in  rhesus  monkeys,  the  animals  often  rejected 
the  drug  when  self-administration  was  not  required  to  meet  the 
contingency  (Mello  and  Mendelson  1971a).  Thus,  these  procedures 
have  not  been  extensively  used  to  generate  animal  models  of  human 
drug  taking  (Griffiths,  Bigelow,  Henningfield  1980). 

The  fourth  procedure  for  establishing  drug  self-administration 
seems  somewhat  more  analogous  to  how  drug  dependence  may 
sometimes  develop  in  humans  outside  the  laboratory,  and  has  been 
widely  used  to  study  drug  self-administration  in  the  laboratory;  this 
method  is  termed  the  "adjunctive  behavior"  or  "schedule-induced 
behavior"  strategy  (Falk  1983).  The  method  involves  a  less  direct 
mesms  of  inducing  drug  intake;  in  fact,  the  drug  does  not  need  to  be 
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taken  to  obtain  the  reinforcer  or  to  avoid  the  punisher.  Rather,  the 
animal  is  simply  given  the  opportunity  to  take  the  drug;  at  the  same 
time,  the  experimenter  arrsuiges  conditions  that  are  highly  likely  to 
engage  the  animal  in  cycles  of  work  Eind  breaking  from  work.  For 
example,  the  animal  may  have  to  press  a  lever  to  obtain  food.  The 
result  is  that  when  the  animal  is  unable  to  work  on  the  food  schedule 
(e.g.,  during  the  brief  "timeouts"  or  "waiting"  periods),  the  animal 
tends  to  take  the  drug.  Eventually,  the  drug  itself  might  come  to 
function  as  a  reinforcer  in  its  own  right,  even  in  the  absence  of  the 
environmental  pressures  that  first  led  to  its  use.  The  dose  level  of  the 
drug  is  then  increased  gradually  over  time.  Variations  on  this 
procedure  have  been  used  to  establish  self-administration  of  alcohol^ 
(Falk,  Samson,  Winger  1972;  Freed,  Carpenter,  Hymowitz  1970; 
Meisch  1975),  pentobarbital  (Meisch,  Kliner,  Henningfield  1981), 
nicotine  (Singer,  Wallace,  Hall  1982),  and  a  variety  of  other  drugs 
(Brady  and  Lukas  1984;  Meisch  and  Carroll  1981;  Meisch  1987). 
Although  many  environmental  conditions  are  present  outside  the 
laboratory  that  appear  to  function  as  do  adjunctive  schedules  in  the 
establishment  of  human  drug  dependence  (e.g.,  boredom  in  occupa- 
tional settings),  there  have  been  few  experimental  studies  of 
adjunctive  drug  taking  by  humans  (Falk  1983).  One  such  study  by 
Cherek  (1982)  showed  that  volunteers  took  more  puffs  per  cigarette 
when  they  were  given  monetary  reinforcers  at  regular  intervals:  the 
volunteers  had  to  press  a  button  to  obtain  the  reinforcer,  but  their 
behavior  did  not  decrease  the  time  they  had  to  wait  for  each 
reinforcer  to  become  available. 

Evaluation  of  Reinforcing  Effects 

Conclusive  demonstration  that  the  effects  of  the  drug  itself  were 
the  cause  of  the  drug-seeking  behavior  is  equivalent  to  showing  that 
the  drug  itself  is  functioning  as  a  positive  reinforcer.  The  basic 
procedures  were  developed  in  animal  studies  (Pickens  and  Thompson 
1968;  Deneau  1977)  and  have  been  reviewed  in  detail  elsewhere 
(Johanson  and  Schuster  1981;  Balster  and  Harris  1982;  Fischman 
and  Schuster  1978;  Yanagita  1980;  Brady  and  Lukas  1984). 

The  most  fundamental  procedure  is  to  verify  that  drug  self- 
administration  occurs  under  conditions  in  which  it  is  ^'optional"  or 
"voluntary";  that  is,  explicit  contingencies  for  drug  taking  (e.g.,  to 
obtain  food,  to  avoid  shock,  or  to  obtain  preferred  liquid)  are  not 
required.  It  is  also  necessary  to  ensure  that  the  drug  taking  is  not 
simply  maintained  by  the  characteristics  of  the  vehicle  (e.g.,  water  or 
a  flavored  solution  into  which  alcohol  is  placed,  or  the  tobacco  smoke 
in  which  nicotine  is  delivered  to  smokers). 

If  the  drug  is  serving  as  a  reinforcing  stimulus,  it  should  be 
capable  of  maintaining  controlled  behavior.  For  example,  a  complex 
chain  of  drug  seeking  (i.e.,  "procurement")  might  be  required  to 
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obtain  the  drug.  An  extension  of  this  principle  is  to  gradually 
increase  the  amount  of  work  (i.e.,  the  "cctet")  that  must  be  expended 
to  achievift  drug  delivery  to  determine  how  much  the  subject  works 
("pays")  for  a  given  drug  or  drug  dose.  For  example,  the  ratio  of  lever 
press  responses  per  drug  injection  is  gradually  increased  in  the 
"Progressive  Ratio"  procedure  to  determine  the  maximum  ratio 
("breaking  point")  that  will  be  sustained  (Yanagita  1977;  Griffiths, 
Brady,  Snell  1978a). 

If  the  drug  is  serving  as  a  reinforcer,  then  stimuli  associated  with 
drug  administration  should  also  come  to  serve  as  reinforcers 
("conditioned  reinforcers").  Of  all  dependence-producing  drugs,  the 
importance  of  this  factor  may  be  most  pronounced  with  regard  to 
nicotine  because  the  various  effects  of  nicotine  may  be  associated 
with  tobacco  smoke  and  other  stimuli  hundreds  of  times  each  day 
over  the  course  of  many  years  of  smoking;  A  fundamental  observa- 
tion is  that  even  neutral-appearing  stimuli  can  function  as  reinforc- 
ers in  their  own  right  when  they  are  associated  ("paired")  with 
previously  established  reinforcers  such  as  food,  water,  sex,  or  drugs 
(Skinner  1953;  Thompson  and  Schuster  1968).  For  example,  the  taste 
and  smell  of  alcohol  are  initially  highly  aversive  to  animals  (Mello 
1973),  but  in  one  study,  the  smell  of  alcohol  was  established  as  a 
conditioned  positive  reinforcer  for  animals:  the  smell  of  alcohol  was 
enough  to  reinstate  drug-seeking  behavior  even  when  the  alcohol 
was  not  physically  available  (Meisch  1977).  Seemingly  arbitrary 
stimuli  such  as  lights  and  tones  ican  ;come  to  serve  as  reinforcers 
after  associa:tion  with  i.v.  self-administered  drugs  including  cocaine- 
like stimuliants,  opioids,  barbiturates,  and  nicotine  (Goldberg  1970; 
Goldberg,  Kelleher,  Morse  1975;  Griffiths,  B^elow,  Henningfield 
1980;  Goldberg  et  al.  1983). 

The  basic  methods  described  above  are  also  used  in  human  drug 
seif-administratioii  studies,  although  with  various  procedural  adap- 
tations which  have  been  described  in  detail  elsewhere  (Nathan, 
O'Brien,  Lowenstein  1971;  Cohen,  Liebson,  Faillace  1971;  Mello, 
McNamee,  Mendelson  1968;  Mello  1972;  Meyer  and  Mirin  1979; 
Bigelow,  Griffiths,  Liebson  1975;  Henningfield,  Lukas,  Bigelow 
1986).  As  in  the  animal  drug  self-administration  studies,  the  human 
volunteers  must  emit  a  measurable  reisponse  that  may  lead  to  drug 
ingestion:  for  example,  riding  an  exercise  bicycle  (Griffiths,  Bigelow, 
Liebson  1979;  Jones  and  Prada  1975)  or  pressing  a  button  on  a 
portable  work  station  (Mello  and  Mendelson  1978).  Such  work 
requirements  then  become  established  as  part  of  the  chain  of  drug- 
seeking  behavior.  They  have  an  advantage  over  non-laboratory  drug- 
seeking  behavior  in  that  the  amount  of  work  can  be  carefully 
measured.  Such  data  provide  quantitative  estimates  of  the  time 
and/or  work  expended  for  drugs  (see  examples  in  the  following 
studies  and  reviews:  Johanson  and  Uhlenhuth  1978;  Bigelow, 


280 


Griffiths,  Liebson  1975;  Mello  and  Mendelson  1978;  Fischman  and 
Schuster  1982;  Henningfield  and  Goldberg  1983b;  Jasinski,  Johnson^ 
Henningfield  1984). 

Results  from  Drug  Self-Administration  Studies 

Most  categories  of  drugs  which  have  been  found  to  cause  wide- 
spread drug  dependence  in  the  nonlaboratory  setting  have  been 
tested  with  animals  and  humans  in  laboratory  settings.  Results  of 
these  studies  have  been  reviewed  in  detail  elsewhere  (Griffiths, 
Bigelow,  Henningfield  1980;  Brady  and  Lukas  1984;  Hennin^eld, 
Lukas,  Bigelow  1986).  Several  categories  of  drugs  have  been  found  to 
be  self-administered  by  humans  and  animals  in  the  laboratory 
settings,  to  meet  criteria  as  positive  reinforcers,  and  to  exhibit 
orderly  relations  as  a  function  of  drug  dose,  drug  pretreatment,  and 
other  factors  known  to  affect  the  intake  of  dependence-producing 
drugs.  These  include  alcohol,  morphine,  pentobarbital,  amphet^ 
amine,  cocaine,  and  nicotine  in  the  forms  of  cigarettes  and  i.v. 
injection. 

Self-administration  studies  with  animals  are  much  more  extensive 
and  have  also  been  reviewed  in  detail  elsewhere  (Johanson  and 
Schuster  1981;  Balster  and  Harris  1982;  Fischman  and  Schiiister 
1978;  Yanagita  1980;  Brady  and  Lukas  1984;  Young  and  Herling 
1986).  In  brief,  drug  self-administration  studies  in  animals  in  the 
1960s  showed  that  a  range  of  drugs  including  opioids,  amphetamines, 
barbiturates,  certain  organic  solvents,  alcohol,  cocaine,  and  nicotine 
were  self-administered  (Weeks  1962;  Thompson  and  Schuster  1964; 
Deneau,  Yanagita,  Seevers  1969;  Deneau  and  Inoki  1967).  All  of 
these  drugs  were  found  to  maintain  powerful  chains  of  drug-seeking 
behavior,  even  when  insufficient  drug  was  taken  to  produce  a 
clinically  significant  degree  of  physical  dependence  (Goldberg, 
Morse,  Goldberg  1976).  Drugs  that  did  not  serve  as  reinforcers  in 
these  studies  included  caffeine,  lysei^c  acid  diethylamide  (LSD),  and 
the  major  tranquilizer  chlorpromazine. 

The  speed  of  drug  delivery  can  affect  its  reinforcing  efficacy  (Kato, 
Wakasa,  Yanagita  1987).  Thus,  the  inhaled  form  of  cocaine  ("crack") 
is  considered  more  reinforcing  and  dependence  producing  than  other 
forms  of  cocaine  delivery,  with  oral  cocaine  apparently  amoiig  the 
least  reinforcii^  of  the  commonly  used  routes  of  delivery  (see  also 
US  DHHS  1987).  Analogously,  nicotine  taken  by  the  slow  release 
oral  preparation  (nicotine  polacrilex  gum)  appears  to  be  much  less 
reinforcing  than  nicotine  taken  by  quicker  release  oral  preparations 
(e.g.,  chewing  tobacco)  or  cigarette  smoke  (Chapters  IV  and  VII). 

Research  findings  have  continued  to  extend  the  early  observations 
(Deneau,  Yanagita,  Seevers  1969)  that  the  results  with  animals  were 
remarkably  consistent  with  observations  regarding  human  drug 
dependence.  For  example,  initial  exposure  of  humans  to  drugs  such 
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as  opioids  and  stimulants  led  to  addictive  patterns  of  use,  whereas 
chlorpromazine  rarely  did,  and  LSD  infrequently  did  (Jasinski  1977; 
Griffiths  et  al.  1980).  Earlier  studies  had  suggested  that  alcohol, 
caffeine,  and  nicotine  were  not  reinforcers  in  animals  (Mello  1973; 
Russell  1979;  Griffiths  et  al.  1986).  However,  by  the  early  1970s  for 
alcohol  (Meisch  and  Thompson  1971;  Meisch  1977, 1982)  and  1981  for 
nicotine  (Goldberg,  Spealman,  Goldberg  1981),  it  had  been  confirmed 
that  these  drugs  could  also  serve  as  effective  reinforcers  for 
nonhumans.  The  relatively  little  research  done  to  assess  the 
dependence  potential  of  caffeine  has  not  as  conclusively  demon- 
strated that  it  serves  as  a  reinforcer  in  animals  (Griffiths  and 
Woodson  1988b). 

Drug  Dose  as  a  Determinant  of  Drug  Intake 

Drug  dose  per  administration  is  a  major  factor  that  affects  self- 
administration  of  dependence-producing  drugs.  The  resultant 
dose-response  relationships  are  orderly,  and  the  data  have  been 
reviewed  extensively  (Griffiths,  Bigelow,  Henningfield  1980;  Johan- 
son  and  Schuster  1981;  Young  and  Herling  1986).  In  brief,  the 
relationship  between  the  dose  size  available  and  the  number  of  doses 
taken  is  often  referred  to  as  an  inverted  U-shaped  function  because 
of  the  shape  of  a  graph  that  results  when  the  number  of  injections  (y- 
axis)  is  plotted  as  a  function  of  dose  (x-axis)  across  a  wide  range  of 
doses  to  which  a  subject  is  given  access. 

Over  the  range  of  doses  which  appear  to  be  functioning  as  effective 
reinforcers,  changes  in  dose  are  accompanied  by  compensatory 
changes  in  number  taken  such  that  total  drug  intake  is  somewhat 
stabilized.  It  appears  that  a  determinant  of  such  compensatory 
changes  in  drug  self-administration  is  the  apparent  upper  and  lower 
"boundaries"  or  "thresholds"  for  aversive  effects  that  might  occur 
when  either  too  much  drug  is  obtained  or  when  insufficient  drug  is 
obtained  to  prevent  withdrawal  responses  (Kozlowski  and  Herman 
1984).  It  should  be  noted,  however,  that  in  most  studies,  compensato- 
ry changes  in  drug  intake  as  dose  level  is  changed  are  almost  never 
perfect  and  are  frequently  quite  crude  (Griffiths,  Bigelow,  Henning- 
field 1980).  (See  Yokel  and  Pickens  1974  for  an  example  of  a  study  in 
which  drug  intake  was  unusually  stable  across  a  range  of  amphet- 
amine doses.)  Thus,  the  usual  observation  related  to  drug  dose  is  that 
as  dose  is  increased,  the  rate  of  drug  taking  decreases  somewhat  but 
more  totsd  drug  is  obtained.  This  relationship  is  observed  in  studies 
of  i.v.  nicotine  in  animals  (Goldberg  et  al.  1983)  and  humans 
(Henningfield,  Miyasato,  Jasinski  1983)  and  when  tobacco  smoke 
dose  is  manipulated  in  humans  (Chapter  IV). 

A  misinterpretation  of  dose-response  relationships  by  tobacco 
researchers,  largely  in  the  1970s,  led  to  the  controversy  that  marked 
the  so-called  "titration  studies"  of  tobacco  intake.  Specifically,  it  was 
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assumed  that  if  a  drug  was  serving  as  a  reinforcer,  then  compensa- 
tion for  changes  in  dose  level  should  have  been  more  effective  than 
they  appeared  to  be.  Hence,  some  questioned  whether  nicotine  was 
serving  as  a  reinforcer  because  dose-response  relationships  in 
nicotine  studies  appeared  very  crude  (Russell  1979).  The  question 
that  arose  was  not  whether  cigarette  smokers  showed  compensatory 
changes  in  responses  to  changes  in  dose  level;  they  did.  In  fact,  the 
nicotine  dose-response  relationship  has  probably  been  better  studied 
and  established,  over  a  wider  range  of  conditions  and  techniques  of 
study,  than  have  dose-response  relationships  with  any  other  class  of 
drugs  which  are  self-administered  by  humans  (Gritz  1980;  Griffiths, 
Bigelow,  Henningfield  1980;  Henningfield  1984).  The  question  was, 
rather,  why  compensatory  changes  in  cigarette  smoke  intake  often 
appear  to  be  inadequate  to  maintain  stable  levels  of  nicotine  intake. 
There  are  two  main  problems  in  interpreting  these  data,  however. 
The  first  is  that  in  the  vast  majority  of  human  cigarette  smoking 
studies,  attempts  to  manipulate  the  dose  delivered  were  not  well 
controlled  and  the  measures  used  to  assess  the  possible  effects  of 
intended  dose  manipulations  were  not  necessarily  sensitive  to 
compensatory  changes  (see  Chapter  IV  and  Henningfield  1984b).  The 
second  problem  is  that  there  is  simply  no  basis  for  determining  what 
degree  of  compensation  should  occur,  because  the  degree  of  compen- 
sation observed  in  animal  studies  varies  widely  by  drug  and  test 
condition,  and  because  there  are  relatively  few  human  data  involv- 
ing drugs  other  than  nicotine  to  which  such  a  comparison  might  be 
made  (Griffiths,  Bigelow,  Henningfield  1980;  Henningfield,  Lukas, 
Bigelow  1986). 

Cost  of  the  Drug  as  a  Determinant  of  Intake 

Cost  of  the  drug  is  a  determinant  of  intake  in  both  laboratory  and 
non-laboratory  settings.  Evaluation  of  this  phenomenon  is  objective- 
ly carried  out  in  the  laboratory  in  which  the  amount  of  work 
required  to  obtain  the  drug  can  be  varied.  From  an  economic 
perspective,  this  is  similar  to  varjing  the  price  of  the  commodity 
which  is  available  for  purchase.  Such  manipulations  with  both 
humans  and  animals  have  shown  that  cost  (e.g.,  amount  of  work 
required)  affects  drug  intake:  usually,  the  lower  the  cost,  the  greater 
the  intake.  In  some  studies  manipulations  of  both  cost  and  drug  dose 
have  been  carried  out  (e.g.,  Moreton  et  al.  1977;  Lemaire  and  Meisch 
1985).  These  studies  show  that  when  the  dose  of  the  drug  is  reduced, 
drug-seeking  behavior  may  increase  at  first  and  thereby  maintain 
fairly  stable  intake,  but  if  dose  continues  to  decrease  (or  cost 
continues  to  increase),  the  behavior  will  not  be  maintained  (Lemaire 
and  Meish  1985).  Early  studies  with  cocaine,  for  example,  showed 
that  if  access  to  cocaine  was  limited,  either  by  time  or  work  ("cost") 
requirements,  cocaine  self-administration  could  be  maintained  indef- 
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initely  without  serious  apparent  adverse  effects  (Pickens  and 
Thompson  1968).  However,  if  access  to  cocaine  was  nearly  unlimited 
and  the  cost  requirement  low,  monkeys  might  self-administer  toxic 
dose  levels  (Deneau,  Yanagita,  Seevers  1969). 

Use  of  tobacco  in  humans  and  intravenous  nicotine  self-adminis- 
tration by  animals  appear  to  be  similarly  affected  by  manipulations 
of  cost  as  is  use  of  other  dependence-producing  drugs.  Specifically,  as 
the  amount  of  work  required  to  obtain  nicotine  injections  in  animals 
is  increased,  the  number  of  injections  is  decreased  (Goldberg  and 
Henningfield,  1988).  Analogously,  human  cigarette  smokers  and 
other  drug  users  can  also  be  motivated  with  both  positive  and 
negative  cost  incentives  (Bigelow  et  al.  1981;  McCaul  et  al.  1984; 
Stitzer  et  al.  1982,  1986;  Stitzer  and  Bigelow  1985).  These  laboratory 
findings  with  animals  and  humans  correspond  to  the  effects  of 
changes  in  the  price  of  cigarettes  on  cigarette  sales  (Lewit,  Coate, 
Grossman  1981;  Lewit  and  Coate  1982;  Warner  1986a).  Such 
relationships  are  also  observed  with  other  dependence-producing 
drugs  including  opioids,  sedatives,  alcohol,  and  amphetamines 
(Griffiths,  Bigelow,  Henningfield  1980;  Yanagita  1977). 

Place  Conditioning  Studies 

Ingestion  of  dependence-producing  drugs  can  lead  to  both  positive 
and  negative  associations  with  the  setting  in  which  the  drug  effects 
were  experienced.  Whether  the  effects  of  a  particular  drug  are 
positive  or  negative  depends  on  the  dose  that  was  given  and  other 
factors  that  are  discussed  in  this  Section. 

A  scientific  methodology  for  studying  such  phenomena  is  the 
"place-conditioning"  or  "place-preference-aversion"  procedure  (Bo- 
zarth  1987a).  This  procedure  provides  an  indirect  means  of  assessing 
the  potential  of  a  drug  to  establish  drug  seeking  in  the  absence  of 
any  explicit  contingencies  on  the  behavior.  These  procedures  deter- 
mine if  exposure  to  a  drug  in  a  given  environmental  setting 
enhances  the  preference  of  the  animal  for  that  setting.  Conversely, 
the  procedure  can  be  used  to  determine  if  exposure  to  a  drug  in  a 
specific  environmental  setting  establishes  an  aversion  of  the  animal 
to  that  setting. 

Because  of  their  convenient  size  and  the  general  validity  of  their 
use  as  models  for  behavioral  dependence  potential  testing,  rats  most 
commonly  are  used  as  subjects  in  place-conditioning  studies.  The 
general  experimental  procedure  is  to  place  the  animal  in  one 
environment  (e.g.,  one  chamber  of  a  multiple-chamber  test  appara- 
tus) when  a  drug  is  given  and  in  another  environment  (e.g.,  distinct 
in  color,  shape,  or  odor)  when  a  placebo  is  given.  Then,  the  animal  is 
given  access  to  both  environments  (i.e.,  placed  in  a  connecting 
passage  or  placed  in  one  chamber  or  the  other)  to  determine  which 
environment  (chamber)  it  prefers  (van  der  Kooy  1987;  Bozarth 
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1987a),  and,  conversely,  which  environment  it  avoids.  Studies  have 
shown  that  conditioned  preferences  can  be  established  for  morphine 
(Bardo  and  Neisewander  1986),  cocaine  (Spyraki,  Fibiger,  Phillips 
1982),  alcohol  (Stewart  and  Grupp  1985),  and  nicotine  (Fudala,  Teoh, 
Iwamoto  1985;  Fudala  and  Iwamoto  1987;  Chapter  IV). 

The  relevance  of  place  conditioning  as  a  factor  that  increases  the 
control  of  nicotine  over  behavior  in  human  cigarette  smokers  may 
exceed  that  of  other  dependence-producing  drugs.  This  possibility 
follows  from  the  fact  that  the  cigarette  smoker  has  the  ability  to 
readily  produce  a  critical  environmental  cue  associated  with  smok- 
ing (cigarette  smoke  itself).  Therefore,  it  should  be  possible  for  the 
smoker  to  "enhance"  the  reinforcing  efficacy  of  a  range  of  environ- 
ments (Iwamoto  et  al.  1987);  the  highly  discriminating  sight,  smell, 
and  taste  stimuli  produced  by  tobacco  smoke  may  effectively  permit 
the  smoker  to  establish  a  "preferred  environment."  This  could 
contribute  to  the  dependence  potential  of  nicotine.  The  observation 
is  also  consistent  with  the  finding  that  removal  of  the  tobacco  smoke- 
associated  stimuli  is  accompanied  by  decreased  pleasure  and/or 
smoking  (Gritz  1977;  Goldfarb  et  al.  1976;  Rose  et  al.  1987).  As  early 
as  1899  it  was  observed,  for  example,  "that  the  pleasure  derived  from 
a  pipe  or  cigar  is  abolished  for  many  persons  if  the  smoke  is  not  seen, 
as  when  it  is  smoked  in  the  dark"  (Cushny  1899). 

Constraints  on  Dependence  Potential  Testing 

The  main  constraint  on  procedures  used  to  evaluate  the  depen- 
dence potential  of  drugs  is  that  they  may  fail  to  identify  drugs  which 
only  lead  to  dependence  under  unusual  or  uniquely  human  circum- 
stances. For  example,  LSD  does  not  serve  as  an  effective  reinforcer 
for  animals,  and  although  its  effects  may  be  liked  by  humans  under 
certain  conditions,  it  also  produce  feelings  of  fear,  paranoia,  and 
other  adverse  effects  (Griffiths,  Bigelow,  Henningfield  1980;  Haert- 
zen  1966,  1974).  Caffeine  provides  an  example  of  another  kind  of 
drug  which  is  sometimes  used  in  the  face  of  adverse  effects,  even 
though  the  overwhelming  majority  of  users  do  not  use  it  in  ways  that 
are  considered  to  be  of  significant  adverse  health  effect  (Gilbert  1976; 
Greden  1981).  The  anticholinergic  drug  atropine  is  another  that  is 
representative  of  a  class  of  drugs  that  occasionally  are  used  in 
nontherapeutic  settings  but  do  not  appear  to  possess  a  marked 
dependence  potential  when  objectively  tested  (Penetar  and  Henning- 
field 1986). 

The  wide  range  of  factors  that  may  result  in  occasional  harmful 
use  of  some  substances  (e.g.,  caffeine)  or  which  may  contribute  to  the 
use  of  dependence-producing  substances  such  as  nicotine  (Chapters 
IV  and  VI)  is  not  routinely  explored  in  current  laboratory  depen- 
dence potential  tests.  Thus,  these  drug  dependence  potential  testing 
procedures  appear  more  likely  to  underestimate  than  to  overesti- 
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mate  the  pharmacologic  potential  of  a  drug  to  cause  dependence 
outside  of  the  laboratory.  Furthermore,  as  discussed  by  Katz  and 
Goldberg  (1988),  because  a  variety  of  drug  and  nondrug  factors 
determine  the  actual  prevalence  of  drug  dependence  outside  of  the 
laboratory,  dependence  potential  data  are  most  reliable  when 
drawing  qualitative  conclusions.  For  example,  such  data  are  used  to 
determine  whether  a  drug  is  dependence  producing,  or  whether  it  is 
more  sedative-  or  stimulant-like. 

Dependence  Potential  Testing:  Tolerance  and  Withdrawal 

In  addition  to  taking  control  over  behavior  by  virtue  of  reinforcing 
and  other  behavior  modifying  effects,  many  addicting  drugs  can  also 
produce  a  physiological  change  termed  physical  dependence.  Once 
physically  dependent,  the  person  may  experience  an  even  greater 
loss  of  control  over  use  of  a  particular  drug  because  abstinence  from 
the  drug  may  be  accompanied  by  discomfort  and  heightened  urges  to 
take  the  drug  (withdrawal  syndrome). 

Technically,  physical  dependence  refers  to  physiological  and 
behavioral  alterations  that  become  increasingly  manifest  after 
repeated  exposure  to  a  pharmacologic  agent.  As  noted  earlier,  the 
primary  indication  of  physical  dependence  is  the  observation  of  drug- 
abstinence-associated  withdrawal  signs  and  symptoms,  although 
tolerance  is  a  frequent  concomitant  (Kalant  1978;  Cochin  1970; 
Kalant,  LeBlanc,  Gibbins  1971;  Eddy  1973;  Clouet  and  Iwatsubo 
1975;  Yanagita  1977).  This  phenomenon  is  also  referred  to  as 
"neuroadaptation"  or  "physiological"  dependence  (WHO  1981;  Wool- 
verton  and  Schuster  1983).  It  should  be  noted  that  use  of  the  term 
"physical"  imports  no  greater  degree  of  objectivity  to  phenomena 
associated  with  physical  dependence  than  to  the  phenomenon  of 
compulsive  drug  seeking:  both  physical  dependence  and  drug  seeking 
involve  physiologically  mediated  drug  receptor  interactions  that 
vary  with  the  dose,  kinetics,  and  type  of  drug.  Furthermore,  both  of 
these  kinds  of  drug-associated  phenomena  involve  behavioral  and 
physiological  effects.  For  example,  conventional  measures  of  physi- 
cal dependence  include  responses  that  are  often  considered  behavior- 
al (e.g.,  urge  to  use  a  drug,  sleep  time,  food  intake). 

Research  on  opioid  dependence  in  the  1940s  focused  largely  on  the 
physical  dependence  that  developed  when  opioids  were  given  to 
humans  or  certain  animals  (Martin  and  Isbell  1978).  In  particular, 
characterizing  the  level  of  tolerance  that  was  acquired  when 
morphine  was  repeatedly  given,  as  well  as  the  behavioral  and 
physiological  sequelae  of  abrupt  termination  of  such  administration, 
was  a  major  contribution  to  the  development  of  objective  methods  for 
testing  dependence-producing  drugs  in  general.  Observations  emerg- 
ing from  such  research  in  the  1940s  led  to  strategies  that  are  still 
accepted  as  the  definitive  means  to  measure  what  may  be  termed  the 
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TABLE  5. — Observations  pertaining  to  the  evaluation  of 
physical  dependence  potential,  derived  from 

studies  of  morphine-like  drugs 


1.  Repeated  drug  administration  leads  to  diminished  responsiveness  (i.e.,  tolerance)  that  is 
more  or  less  complete,  depending  upon  the  response  measured.  Responsiveness  might  be  at 
least  partially  overcome  by  increasing  the  dose.  The  degree  of  tolerance  that  develops  is 
generally  directly  related  to  the  overall  dosing  level,  but  varies  widely  across  various 
possible  measures. 

2.  The  establishment  of  tolerance  to  one  opioid  is  shared  among  many  opium-derived  and 
related  chemicals;  the  principle  of  "cross-tolerance"  emerged  as  one  means  to  further 
classify  a  dependence-producing  chemical. 

3.  Abrupt  termination  of  use  leads  to  behavioral  and  physiological  responses  that  often  tend  to 
be  opposite  of  responses  produced  by  acute  drug  administration.  When  these  opposite 

,  responses  actually  exceed  normal  baseline  levels  (e.g.,  opioid-induced  constipation  may  be 
replaced  by  diarrhea  for  a  few  days),  they  are  termed  "rebound"  responses;  hence  the 
frequent  labeling  of  withdrawal  as  "rebound  syndrome."  Together,  these  responses  are 
termed  "the  withdrawal  syndrome." 

4.  Severity  of  the  withdrawal  syndrome  is  related  to  the  duration  and  dose  levels  of 

preabstinence  exposure  to  the  drug. 

5.  During  withdrawal,  readministration  of  the  chronically  given  opioid  can  reverse  the  signs 
and  symptoms  of  the  syndrome. 

6.  A  range  of  opioids  can  substitute  for  the  one  to  which  an  organism  was  chronically 
exposed,  thereby  maintaining  the  level  of  physical  dependence  and  preventing  the  onset  of  a 
withdrawal  reaction.  These  same  drugs  can  be  used  to  reverse  the  syndrome  of  withdrawal 
precipitated  by  removal  of  the  chronically  given  opioid.  This  observation  provided  the 
rational  basis  for  the  systematic  development  of  "substitution"  or  "replacement"  therapy  for 
drug  dependence. 


NOTE:  Details  of  the  original  experiments,  and  subsequent  research  upon  which  these  observations  follow,  have 
been  reviewed  (Martin  and  Isbell  1978;  Martin  1977;  Sharp  1984;  see  also  Deneau  1977). 

"physical  dependence  potential"  of  a  chemical  (Jasinski  1977). 
Specifically,  these  tests  could  be  used  to  evaluate  the  likelihood  that 
(1)  repeated  use  of  a  drug  would  lead  to  tolerance  (physiological 
adaptation)  such  that  effects  of  repeated  use  would  diminish  and  (2) 
abrupt  abstinence  would  be  accompanied  by  a  syndrome  of  behavior- 
al and  physiological  disruption  (withdrawal  syndrome).  Table  5 
summarizes  the  prominent  observations  that  emerged  from  these 
early  studies  (Martin  and  Isbell  1978;  Martin  1977).  These  observa- 
tions provide  the  conceptual  framework  within  which  physical 
dependence  is  assessed  (Thompson  and  Unna  1977). 

Tolerance 

As  noted  earlier,  repeated  ingestion  of  most  dependence-producing 
drugs  leads  to  diminished  effects  unless  larger  doses  of  the  drug  are 
taken:  this  phenomenon  is  termed  tolerance.  One  reason  that 
tolerance  is  an  important  factor  in  drug  dependence  is  that  it  may 
contribute  to  the  escalation  of  drug  self-administration  that  occurs 
over  time.  This  relationship  is  often  misinterpreted,  however. 
Specifically,  it  is  sometimes  stated  that  tolerance  results  in  a 
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continuous  escalation  of  drug  dose;  however,  lethal  or  aversive  dose 
levels  prevent  indefinite  escalation. 

Procedures  for  assessing  tolerance  development  rely  heavily  on 
procedures  developed  for  assessing  the  direct  effects  of  drugs 
(Kalant,  LeBlanc,  Gibbins  1971;  Abood  1984).  Because  psychoactive 
drugs  exert  effects  on  numerous  physiological  systems  and  behavior- 
al responses,  almost  any  of  a  wide  range  of  response  measures  can 
serve  in  studies.  Perhaps  the  most  fundamental  strategy  of  tolerance 
assessment  is  to  repeatedly  present  a  given  drug  dose  while 
measuring  the  subsequent  responses  to  drug  administration.  When 
the  response  diminishes  across  drug  presentations,  tolerance  to  that 
response  is  said  to  have  occurred.  Among  the  most  frequent 
measures  of  tolerance  which  have  been  used  to  assess  psychoactive 
drugs  are  discrimination  of  drug  administration,  analgesia,  heart 
rate,  nausea,  sedation,  EEG  activity,  and  performance  on  a  behavior- 
al task.  Some  measures  (e.g.,  sedation  from  barbiturates)  are  more 
specific  to  certain  drug  classes,  whereas  others  (e.g.,  pleasurable  and 
dysphoric  effects)  are  useful  across  a  wider  range  of  psychoactive 
drugs.  A  variation  on  the  foregoing  procedure  is  to  increase  the  drug 
dose  after  responses  have  diminished  to  determine  if  the  original 
response  level  can  be  partially  or  completely  restored. 

Gross-Tolerance 

Cross-tolerance  is  demonstrated  when  pretreatment  with  one  drug 
or  formulation  type  produces  tolerance  to  another  drug  or  formula- 
tion type  (Wenger  1983;  Yanura  and  Suzuki  1977;  Martin  and  Eraser 
1961).  For  example,  a  person  who  is  maintained  on  an  adequate  dose 
level  of  methadone  will  experience  relatively  little  effect  if  he  or  she 
injects  his  or  her  usual  dose  of  heroin  (Kreek  1979).  Similarly, 
persons  given  nicotine  polacrilex  gum  may  experience  attenuated 
effects  from  cigarettes,  including  reduced  satisfaction  from  smoking 
(Nemeth-Coslett  et  al.  1987). 

Mechanisms  of  Tolerance 

Several  mechanisms  of  tolerance  can  be  differentiated.  (Kalant, 
LeBlanc,  Gibbins  1971;  Abood  1984;Haefely  1986;  Sharp  1984;  WHO 
1981).  For  instance,  if  a  drug  impairs  the  ability  to  perform  a  task 
that  produces  some  form  of  reinforcement  (e.g.,  humans  working  for 
money  or  animals  pressing  a  lever  for  food),  the  performance  may 
return  to  prodrug  exposure  levels  after  repeated  drug  exposure  over 
time.  In  this  example,  at  least  four  distinct  mechanisms  of  tolerance 
may  have  been  operational;  they  are  not  mutually  exclusive  and  may 
co-occur  (Kalant,  LeBlanc,  Gibbins  1971;  Abood  1984;  Haefely  1986; 
Sharp  1984;  WHO  1981;  Eikelboom  and  Stewart  1979;  Siegel  1975, 
1976). 
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(1)  The  rate  at  which  the  drug  was  eliminated  from  the  blood  by 
metabolism  (detoxification)  or  excretion  (in  urine,  feces,  sweat,  or 
expired  air)  may  have  increased.  This  is  frequently  termed  "disposi- 
tional" or  "metabolic"  tolerance.  A  general  method  used  to  assess 
dispositional  tolerance  is  to  measure  the  rate  of  decline  in  plasma 
drug  levels  after  varying  amounts  of  drug  exposure. 

(2)  The  response  at  the  cellular  level  might  have  decreased  as  the 
drug  receptor  physiologically  adapted  to  the  drug  or  as  the  number 
of  receptors  was  altered  (thereby  functioning  as  though  the  systemic 
dose  had  been  reduced).  This  is  frequently  termed  "functional"  or 
"pharmacodynamic"  tolerance.  One  method  used  to  assess  function- 
al tolerance  is  to  hold  the  plasma  drug  levels  constant  while 
measuring  the  response  after  varying  amounts  of  drug  exposure. 

(3)  The  learning  and  motivational  aspects  of  a  behavioral  situation 
may  have  resulted  in  compensatory  behaviors  that  reduced  the 
magnitude  of  the  performance  effects.  This  is  frequently  termed 
"behavioral"  tolerance,  "drug  sophistication,"  or  "behavioral  adap- 
tation." Behavioral  tolerance  can  be  assessed  by  presenting  the  drug 
at  such  long  intervals  so  as  to  minimize  the  possible  development  of 
functional  or  metabolic  tolerance  (e.g.,  Stitzer,  Morrison,  Domino 
1970),  or  by  using  a  variety  of  other  controlled  procedures  (Krasne- 
gor  1978b). 

(4)  Another  behavioral  mechanism  that  can  lead  to  the  develop- 
ment of  tolerance  results  from  the  classical  or  Pavlovian  condition- 
ing process  that  may  occur  where  a  drug  is  given.  Pavlov  (1927) 
found  that  drug  administration  could  produce  an  unconditioned 
response  that  could  subsequently  occur  as  a  conditioned  r^ponse  to 
an  associated  environmental  stimulus.  However,  sometimes  the 
conditioned  response  is  opposite  that  of  the  drug  response  (Siegel 
1975);  when  a  drug-opposite  response  has  been  established,  this 
conditioning  mechanism  may  reduce  the  strength  of  the  response  to 
the  drug  itself  (Goudie  and  Demellweek  1986). 

The  kinds  of  tolerance  described  above  are  sometimes  categorized 
together  as  "acquired"  tolerance,  which  emphasizes  the  fact  that 
they  have  developed  in  an  organism  as  a  function  of  drug  exposure 
(WHO  1981).  Tolerance  development  can  be  affected  by  the  unit  drug 
dose,  total  daily  dose,  route  of  administration,  prevailing  environ- 
mental stimuli,  and  exposure  dynamics  (exposure  dynamics  refers  to 
whether  exposure  to  a  drug  is  relatively  continuous  (Way,  Loh,  Shen 
1969)  or  via  multiple,  discrete  doses  (Lukas,  Moreton,  Khazan  1982)) 
(see  also,  Dewey  1984;  Adler  and  Geller  1984;  O'Brien  1975;  Blasig  et 
al.  1973;  Okamoto,  Rao,  Walewski  1986).  Acquired  tolerance  has 
been  demonstrated  to  occur  with  opioids  and  with  most  nonopioid 
dependence-producing  drugs,  including  nicotine  (Martin  1977;  Ka- 
lant,  LeBlanc,  Gibbins  1971;  Abood  1984;  Haefely  1986;  Domino 
1973;  Chapter  III).  In  fact,  classic  techniques  of  measurii^  tolerance 
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evolved  iii  a  series  of  studies  involving  nicotine  by  Langley,  Dixon, 

and  others  near  the  end  of  the  19th  century  (Langley  1905;  Dixon 
and  Lee  1912);  these  researchers  found  that  tolerance  to  nicotine  was 
rapid  and  could  be  partially  overcome  by  increasing  the  dose. 

Constitutional  Tolerance 

Historically,  although  less  commonly  in  recent  years,  tolerance 
has  been  used  to  differentiate  individuals  or  populations  with  regard 
to  their  "preexisting"  or  "constitutional"  level  of  drug  responsive- 
ness (Shuster  1984).  This  phenomenon  has  been  designated  "initial" 
tolerance  by  a  subcommittee  of  the  WHO  (WHO  1981)  and  is  also 
often  referred  to  as  "drug  sensitivity"  or  "innate  drug  responsive- 
ness." The  mechanisms  may  be  similar  to  those  described  above;  for 
example,  individuals  may  be  bom  with  differing  numbers  of 
receptors  for  a  particular  drug  or  with  different  abilities  to  detoxify  a 
drug  on  the  basis  of  enzymatic  capacity  of  their  liver.  Analogously, 
for  reasons  that  are  not  related  to  drug  exposure,  certain  populations 
or  individuals  may  be  more  effective  in  general  at  behaviorally 
compensating  for  impediments  to  learning  or  performance.  Genetic, 
dietary,  and  early  (including  prenatal)  developments  are  possible 
sources  of  such  variation  that  are  under  study  (Abood  1984). 

Whereas  a  fairly  wide  range  of  variation  among  such  preexisting 
levels  of  drug  sensitivity  has  not  been  shown  to  affect  the  course  of 
development  of  drug  dependence,  extreme  or  qualitative  differences 
may  have  some  impact.  Such  differences  are  sometimes  held  to  alter 
the  vulnerability  of  various  individuals  or  populations  to  the 
development  of  drug  addiction.  One  apparent  example  of  such  an 
effect  is  the  markedly  higher  percentage  of  Oriental  persons  who, 
compared  with  most  other  populations  in  the  United  States,  show  an 
aversive  reaction  to  alcohol  ("flushing"  response).  This  reaction 
results  from  slower  metabolism  of  the  alcohol  metabolite,  acetylal- 
dehyde,  in  Orientals  compared  with  many  other  ethnic  groupings 
(Nagoshi  et  al.  1987).  However,  cultural  factors  also  appear  to 
strongly  influence  rates  of  alcohol  use  in  Orientals  so  that  even 
persons  who  show  the  flushing  response  may  develop  alcoholism 
(Sue  1987;  Johnson  et  al.  1987). 

Differences  in  constitutional  levels  of  tolerance  among  individuals 
have  been  observed  for  all  dependence-producing  drugs,  including 
nicotine  (Chapter  II).  However,  the  importance  of  such  individual 
and/or  population  differences  remains  unclear.  In  fact,  a  remarkable 
feature  of  opioids,  sedatives  (including  alcohol),  and  stimulants 
(including  nicotine)  is  the  degree  to  which  use  has  become  en- 
trenched in  nearly  any  culture  into  which  they  have  been  introduced 
(Austin  1979).  Similarly,  initial  exposure  to  opioids,  sedatives, 
alcohol,  cocaine-like  stimulants,  and  nicotine  has  been  shown  for 
each  to  lead  to  drug-seeking  behavior  in  a  wide  range  of  animal 
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species  including  primates,  dogs,  and  rodents  (Deneau  1977;  Yanagi- 
ta  1977;  Woods,  Ikomi,  Winger  1971;  Brady  and  Lukas  1984; 
Griffiths,  Bigelow,  Henningfield  1980;  Meisch  1987;  Meisch  and 
Carroll  1981). 

Withdrawal  Syndwmes 

As  discussed  earlier,  documentation  of  a  drug  withdrawal  syn- 
drome is  the  primary  line  of  evidence  used  to  decide  whether  a 
particular  drug  can  cause  physical  dependence.  The  methods  used  to 
properly  conduct  such  tests  and  provide  definitive  results  are 
complex.  This  Section  provides  a  summary  of  how  such  tests  are 
conducted  and  some  of  the  ma.in  findings  from  tests  of  drugs  such  as 
morphine,  pentobarbital,  and  nicotine. 

Measurement  of  drug  withdrawal  phenomena  entails  recording 
physiological,  subjective,  and  behavioral  responses  that  occur  when 
drug  administration  is  terminated,  as  well  as  those  that  occur 
following  drug  administration.  If  the  organism  has  developed  a 
sufficient  degree  of  tolerance,  such  that  levels  of  drug  which 
formerly  disrupted  ph3^iological  and  behavioral  functioning  have 
become  necessary  for  relatively  normal  functioning,  then  the 
organism  is  said  to  be  physically  dependent.  Such  drug  abstinence- 
induced  disruption  of  functioning  is  termed  a  drug  "withdrawal"  or 
"abstinence"  reaction  or  syndrome.  The  behavioral  and  physiological 
responses  include  some  that  are  opposite  those  produced  by  drug 
administration.  For  instance,  opioid-induced  pupUlary  constriction, 
alpohol-induced  muscle  relaxation,  and  nicotine-induced  tachycardia 
may  be  replaced  by  pupillary  dilation,  convulsive  muscle  activity, 
and  bradycardia,  respectively.  Each  drug  withdrawal  syndrome  is 
unique  to  a  particular  driig  class  and  animal  species  and  also  varies 
somewhat  within  individuals  of  a  given  species  which  are  tested  with 
the  same  drug.  Both  frequency  and  magnitude  of  withdrawal 
responses  are  tjrpically  measured. 

In  human  studies,  the  range  of  measures  available  to  assess 
withdrawal  reactions  is  considerable.  They  may  be  designated  by 
three  categories:  autonomic  (e.g.,  blood  pressure,  pulse,  core  temper- 
ature, respiratory  rate,  pupillary  diameter,  diarrhea),  somatomotor 
(e.g.,  nociception,  neuromuscular  reflexes,  auditory  and  visual 
evoked  potentials),  and  behavioral  (e.g.,  irritability,  sleep/awake 
cycle,  hunger,  urge  to  take  the  drug,  i.e.,  "craving").  Himmelsbach 
and  Andrews  (1943)  incorporated  these  distinctions  into  a  weighted- 
point  system  used  for  rating  the  severity  of  these  signs  and 
sjnnptoms  of  withdrawal  (Fraser  and  Isbell  1960;  Jasinski  1977). 
Refinements  in  the  scaling  of  opioid  withdrawal  responses  have 
continued  (e.g.,  ARCI,  weak  opiate  withdrawal  scale)  (Haertzen  1966; 
Bradley  et  al.  1987;  Handelsman  et  al.  1987). 
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Opioid  withdrawal  phenonena  remain  the  most  rigorously  studied 
and  well  characterized  among  the  dependence-producing  drugs.  In 
part,  this  is  because  of  the  ready  observability  of  many  of  the  signs 
(e.g.,  dilated  pupils,  sweating,  diarrhea).  Other  drugs  for  which 
withdrawal  reactions  are  now  known  or  suspected  to  occur  in 
humans  (e.g.,  amphetamine,  cocaine,  marijuana,  phencyclidine)  have 
been  much  less  thoroughly  studied  thaii  the  opioids  and  sedatives 
(Mendelson  and  Mello  1984;  Jones  and  Benowitz  1976).  Studies  with 
these  drugs  are  also  hindered  by  the  fact  that  there  are  fewer  readily 
observable  signs  of  withdrawal,  placing  a  greater  burden  on  sophisti- 
cated technology  (e.g.,  EEG  and  neurohormonal  assessment)  and 
procedures  (e.g.,  performance  assessment). 

Two  basic  methods  are  used  to  measure  withdrawal  reactions. 
After  a  period  of  chronic  drug  administration,  behavioral  and 
physiological  responses  are  measured  following  either  abrupt  drug 
abstinence  (^'spontaneous  withdrawal")  or  the  administration  of  a 
dri^  antagonist  C*precipitated  withdrawal")  (Thompson  and  Unna 
1977;  Martin  1977). 

Spontaneous  Withdrawal  Syndromes 

Experimental  studies  of  spontaneous  withdrawal  reactions  include 
two  procedures  for  obtaining  subjects  which  have  been  chronically 
exposed  to  the  drug.  One  procedure,  termed  the  "direct  addiction" 
procedure,  is  to  administer  the  drug  to  the  subject  at  gradually 
increasing  dose  levels,  then  to  stabilize  the  dose  for  a  predetermined 
time  interval.  Drug  administration  is  then  abruptly  discontinued, 
and  withdrawal  measures  are  taken.  This  method  has  been  used  to 
study  withdrawal  from  opioids,  barbiturates,  benzodiazepines,  stimu- 
lants, ethanol,  POP,  and  gaseous  anesthetics  in  a  number  of  animal 
species  and  humans  (Brady  and  Lukas  1984).  A  variation  on  this 
procedure  is  to  abruptly  withdraw  subjects  from  a  drug  which  they 
had  been  chronically  receiving  in  the  nonlaboratory  environment.  In 
human  subjects,  withdrawal  reactions  following  cessation  of  use  of 
opioids,  alcohol,  nicotine,  sedatives,  and  other  drugs  have  been 
studied  using  this  procedure  (Brady  and  Lukas  1984;  Chapter  IV). 

A  second  procedure,  termed  the  "substitution  procedure,"  involves 
maintaining  subjects  at  a  given  dose  level  of  a  standard  or  baseline 
drug;  periodically,  doses  of  the  standard  drug  are  replaced  with 
either  a  placebo  or  a  test  drug  to  determine  if  there  are  signs  of 
withdrawal  that  occur  before  the  next  dose  of  the  baseUne  drug 
(Eraser  1957).  This  procedure  provides  information  analogous  to  that 
obtained  from  studies  of  cross-tolerance;  namely,  it  permits  determi- 
nation of  whether  cross-dependence  exists.  If  the  test  drug  prevents 
the  expected  onset  of  a  withdrawal  syndrome  that  should  have 
accompanied  abstinence  from  the  maintenance  drug,  then  it  is 
possible  that  the  two  drugs  produce  similar  kinds  of  physical 
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dependence.  Because  it  is  possible  to  suppress  certain  withdrawal 
responses  by  using  unrelated  drugs  (e.g.,  clonidine  can  suppress 
certain  aspects  of  morphine  and  nicotine  (Jasinski,  Johnson,  Hen- 
ningfleld  1984)),  a  variety  of  control  procedures  are  necessary  to 
identify  the  mechanism  by  which  the  replacement  drug  suppressed 
the  withdrawal  responses  (Martin  1977;  Deneau  and  Weiss  1968; 
Yanagita  and  Takahashi  1973;  Okamoto,  Rosenberg,  Boisse  1975; 
Jones,  Prada,  Martin  1976;  Yanaura  and  Suzuki  1977). 

In-  human  subjects,  both  the  direct  addiction  and  substitution 
strategies  were  used  to  evaluate  withdrawal  reactions  from  opioids, 
barbiturates,  and  alcohol  at  the  Addiction  Research  Center  in  the 
1940s  and  1950s  (Himmelsbach  1941;  Himmelsbach  and  Andrews 
1943;  Isbell  et  al.  1950,  1955).  However,  since  those  classic  studies, 
most  dependence  potential  studies  in  humans  have  been  conducted 
with  subjects  who  had  been  using  the  drug  in  a  nonexperimental 
setting  prior  to  the  study.  The  effects  of  abstinence  from  chronic 
administration  of  opioids,  barbiturates,  benzodiazepines,  caffeine, 
and  nicotine  have  been  studied  using  these  variations  of  spontaneous 
withdrawal  assessment  (Benzer  and  Cushman  1980;  Charney  et  al. 
1981;  Jaffe  et  al.  1983;  Griffiths  and  Woodson  1988a;  Greden  1981; 
Hatsukami,  Hughes,  Pickens  1985;  Chapter  TV).  A  disadvantage  of 
such  approaches  is  that  it  is  not  always  possible  to  stabilize  the 
subjects  at  a  known  dose  level,  which  results  in  considerable  cross- 
subject  variation.  The  consequence  of  such  dose-related  variability  is 
that  it  can  raise  the  threshold  for  the  detection  of  significant  effects. 
This  source  of  variability  probably  contributed  to  some  of  the  earlier 
inconsistent  findings  regarding  the  nature  and  severity  of  withdraw- 
al reactions  from  tobacco  (see  further  discussions  in  Murray  and 
Lawrence  1984).  Early  in  the  20th  century,  analogous  seemingly 
inconsistent  data  led  to  debates  about  the  existence  of  an  alcohol 
withdrawal  syndrome  (Isbell  et  al.  1955). 

Precipitated  Withdrawal  Syndromes 

Precipitated  withdrawal  responses  may  occur  when  a  drug  antago- 
nist abruptly  displaces  the  dependence-producing  drug  from  its 
binding  sites  on  receptors.  The  viability  of  this  approach  depends  on 
the  availability  of  a  specific  receptor  antagonist  which  does  not  have 
other  actions  that  would  preclude  assessment  of  a  withdrawal 
syndrome.  The  antagonist  is  often  given  parenterally  (e.g.,  intrave- 
nously or  intramuscularly)  to  maximize  its  rate  of  onset  and  hence 
the  likelihood  of  precipitating  a  withdrawal  reaction. 

Because  of  the  availability  of  specific  opioid  antagonists,  precipita- 
tion of  withdrawal  phenomena  associated  with  abstinence  from  the 
morphine-like  drugs  has  been  most  thoroughly  studied  using  this 
strategy  (Martin  et  al.  1987).  The  studies  have  shown  that  the 
process  that  leads  to  physical  dependence  b^ins  with  the  first  dose 
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of  morphine  (Higgins  et  al.  1987;  Bickel  et  al.  1988)  although  such 
low  levels  of  physical  dependence  are  not  generally  considered 
sufficient  for  the  clinical  diagnosis  of  physical  dependence.  Analo- 
gous studies  have  been  conducted  using  the  antagonists  of  the 
benzodiazepines  (e.g.,  diazepam  (Lukas  and  Griffiths  1982, 1984))  and 
are  one  element  in  the  conclusive  demonstration  that  these  drugs  do 
produce  physical  dependence  (WHO  1981,  1987).  With  regard  to 
tobacco  or  other  forms  of  nicotine  delivery,  no  such  comparable 
studies  have  been  conducted,  although,  as  discussed  in  Chapter  IV, 
preliminary  and  related  data  suggest  the  theoretical  possibility  that 
nicotinic  antagonists  may  be  used  to  precipitate  nicotine  withdrawal 
responses  (Pickworth,  Heming,  Henningfield,  1988). 

Variability  in  Withdrawal  Syndromes 

There  are  multiple  determinants  of  the  course  and  m£^itude  of 
the  withdrawal  reaction  from  a  drug.  Factors  which  have  been 
studied  in  the  laboratory  are  similar  to  those  which  affect  the 
development  of  tolerance  described  earlier.  These  include  the  total 
daily  dose  of  the  drug  that  was  given,  specific  drug  type,  the  duration 
of  exposure,  the  schedule  of  termination,  genetic  constitution, 
gender,  and  the  prevailing  environmental  stimuli  (Suzuki  et  al.  1987; 
Suzuki  et  al.  1983;  O'Brien  et  al.  1978;  Suzuki  et  al.  1985;  Yanagita 
and  Takahashi  1973;  Yanagita  1973).  In  general,  the  magnitude  of 
the  withdrawal  reaction  is  directly  correlated  with  the  dose  level 
given,  the  duration  of  exposure,  and  the  rapidity  with  which  drug 
levels  at  the  receptor  sites  decrease.  Conversely,  lower  dose  levels, 
shorter  times  of  exposure,  and  gradual  dose  reduction  (as  opposed  to 
abrupt  abstinence)  can  attenuate  the  withdrawal  sjmdrome  (Kalant, 
LeBlanc,  Gibbins  1971;  Abood  1984;  Jaffe  1985;  Okamoto  1984). 

Because  withdrawal  signs  and  symptoms  vary  among  individuals 
using  the  same  drug,  the  syndrome  may  not  be  apparent  when  a 
small  number  of  individuals  are  studied.  Lack  of  general  understand- 
ing of  such  factors  probably  contributed  to  the  fact  that  the  nature  of 
morphine  withdrawal  phenomena  in  humans  was  not  rigorously 
documented  until  the  studies  by  Himmelsbach  and  his  coworkers  in 
the  1940s  (Himmelsbach  1941;  Himmelsbach  and  Andre\^  1943). 
Similarly,  withdrawal  responses  from  chronic  alcohol  administra- 
tion were  not  conclusively  characterized  and  demonstrated  until  the 
pioneering  studies  by  Isbell  and  his  coworkers  in  the  1950s  (Isbell  et 
al.  1955).  Research  involving  comparable  strategies  of  assessment  of 
physical  dependence  on  cocaine,  amphetamine,  marijuana,  PCP,  and 
nicotine,  only  began  in  the  late  197(te.  In  the  absence  of  sUch  data, 
these  drugs  were  sometimes  held  to  be  nonaddicting  (e.g.,  President's 
Advisory  Commission  1963).  Nonetheless,  for  several  of  such  drugs  it 
had  long  been  recognized  that  some  drug  withdrawal  phenomena  did 
occur  (Jaffe  1970,  1976,  1980,  1985)  and  that  such  phenomena  were 
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of  clinical  significance  in  the  treatment  of  persons  who  were 
attempting  to  abstain  from  them  (Jaffa  1970,  1976,  1980,  1985; 
Zweben  1986).  For  example,  even  prior  to  the  rigorous  studies  of 
tobacco  withdrawal  phenomena  in  the  early  1980s  (Chapter  IV),  the 
Tobacco  Withdrawal  Syndrome  had  been  recognized  by  the  Ameri- 
can Psychiatric  Association  (APA)  as  an  Organic  Mental  Disorder  in 
its  Diagnostic  and  Statistical  Manual  (DSM)  of  Mental  Disorders 
(APA  1980)  on  the  basis  of  the  extensive  clinical  observations  and 
other  sources  of  information  prior  to  the  1980s  (Chapter  IV).  The 
specificity  of  tobacco  withdrawal  to  nicotine  itself  was  acknowledged 
in  the  revised  DSM  HI  (APA  1987). 

Cravings  or  Urges 

Among  the  most  frequently  discussed  aspects  of  drug  dependence 
is  the  recurrent  and  often  persistent  urge  to  use  drugs  in  drug- 
dependent  persons.  The  urge  or  desire  to  use  a  drug  is  widely  termed 
"craving."  However,  how  craving  is  defined  and  how  craving-related 
data  are  interpreted  comprise  one  of  the  most  problematic  areas  in 
drug  dependence  research.  For  example,  the  term  craving  has  been 
used  in  such  a  variety  of  ways  that  its  use  may  actually  impede 
accurate  communication  (Kozlowski  and  Wilkinson  1987;  Henning- 
field  1987)i  In  the  present  Report,  where  possible,  the  term  "craving" 
has  been  replaced  by  more  descriptive  terms  and  phrases  such  as 
"strength  of  an  urge  to  use  a  drug"  wherever  the  original  meaning  of 
the  referent  material  is  not  changed. 

Whereas  the  urge  to  use  a  drug  is  a  correlate  of  drug  abstinence,  it 
is  not  an  invariant  one.  For  exatmple,  although  urges  to  take  drugs 
reliably  increase  during  early  abstinence  from  morphine-  and 
pentobarbital-like  (short-acting  sedatives-hypnotics)  drugs,  they  are 
not  a  necessary  concomitant  of  withdrawal  reactions  from  other 
opioids  (e.g.,  cyclazocine)  (Martin  et  al.  1965;  Jasinski  1978),  and 
alcoholics  often  "volimtarily"  abstain  and  undergo  withdrawal  even 
when  alcohol  is  available  (Mello  1968;  Mendelson  and  Mello  1966). 
Moreover,  such  urges  are  also  evoked  by  stimuli  associated  with 
drugs  and  even  by  administration  of  the  drug  itself  (O'Brien, 
Ehrman,  Ternes  1986;  Childress  et  al.,  in  press).  Thus,  urges  to  use 
drugs  also  occur  (often  at  high  levels)  when  there  is  little  other 
evidence  that  physical  dependence  is  present  (e.g.,  many  years  after 
drug  abstinence)  or  when  drug  intake  is  sufficient  so  that  no  other 
withdrawal  signs  or  symptoms  are  present. 

Because  drug  abstinence  is  only  one  of  many  factors  that  can 
evoke  the  urge  to  use  a  drug  and  because  such  urges  are  not 
necessarily  alleviated  by  suppressing  physiological  withdrawal  s^ns, 
conclusions  based  upon  such  data  must  be  carefully  considered  and 
appropriately  qualified.  For  instance,  although  methadone  can  block 
withdrawal  responses  (at  adequate  dose  levels),  it  does  not  reliably 
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diminish  urges  to  use  other  opioids  or  opioid  self-administration 
(Jones  and  Prada  1976;  Grabowski,  Stitzer,  Henningfield  1984; 
Henningfield  and  Brown  1987).  It  would  not  be  appropriate  to 
conclude  that  methadone  did  not  effectively  block  withdrawal 
reactions  from  morphine-like  drugs  simply  because  it  did  not 
eliminate  such  urges,  because  by  other  measures,  methadone  is 
effective  at  blocking  opioid  withdrawal  (Kreek  1979;  Jaffa  1985; 
Jasinski  and  Henningfield  1988).  Analogously,  as  reviewed  in 
Chapters  IV  and  VII,  most  tobacco  withdrawal  responses  are 
effectively  suppressed  by  nicotine  replacement  even  though  urges  to 
use  cigarettes  are  not  reliably  diminished  (see  also  Henningfield  and 
Jasinski  1988). 

Constraints  on  Physical  Dependence  Potential  Testing 

There  are  both  practical  and  conceptual  constraints  on  physical 
dependence  potential  testing.  The  practical  constraints  have  been 
discussed  above  and  are  related  to  the  multiple  sources  of  variability 
in  the  intensity  of  withdrawal  responses,  which  can  result  in  failure 
to  detect  withdrawal  or  in  unreliable  data. 

The  main  conceptual  constradnt  is  that  physical  dependence  is 
neither  a  necessary  nor  sufficient  condition  to  establish  or  maintain 
drug-seeking  behavior.  For  instance,  drug-seeking  and  drug-teiking 
behaviors  c£ui  persist  at  small  doses  of  cocaine  or  morphine  which 
produce  no  significant  degree  of  physical  dependence  in  animals 
(Schuster  and  Woods  1967;  Deneau,  Yanagita,  Seevers  1969;  Johan- 
son,  Balster,  Bonese  1976;  Jones  and  Prada  1977;  Bozarth  and  Wise 
1981)  or  in  human  subjects  (Zinberg  1979).  Conversely,  animals  in 
the  laboratory  and  humans  in  hospitals  can  be  made  physically 
dependent  on  drugs  such  as  opioids  and  barbiturates  and  yet  never 
display  controlled  or  addictive  dn^-seeking  behavior  (WHO  1981; 
Bell  1971).  Similarly,  compounds  such  as  propranolol,  cyclazocine, 
and  nitrites  have  clear  physical  dependence  potentials  in  that 
tolerance  develops  after  repeated  dosing  and  an  abstinence  syn- 
drome appears  upon  cessation,  yet  drug-seeking  or  drug-taking 
behavior  does  not  reliably  occur  (Myers  and  Austin  1929;  Crandall  et 
al.  1931;  Rector,  Seldon,  Copenhaver  1955;  Jasinski  1976;  Jaffe  1985). 

Another  constraint  is  the  difficulty  in  determining  whether 
abstinence-associated  symptomology  is  specific  to  an  individual  or  to 
an  underlying  medical  disorder  that  became  evident  upon  removal  of 
the  drug  (Woody,  McLellan,  O'Brien  1984;  Zweben  1986;  Kosten, 
Rounsaville,  Kleber  1986;  Stitzer  and  Gross  1988).  For  instance,  an 
opioid  might  alleviate  depression  in  a  person  w^th  primary  affective 
disorder.  In  general,  as  will  be  described  below  (&  ""hapter  IV), 

withdrawal  responses  may  be  distinguished  from  u  aer  .  .bstinence- 
associated  symptomology  by  their  relative  consistency  among  indi- 
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viduals,  by  their  transient  nature,  and  by  the  direct  relationship 
between  their  magnitude  and  the  level  of  preabstinence  drug  intake. 

Finally,  although  the  magnitude  of  the  withdrawal  S3mdrome  is  a 
widely  used  index  for  assessing  the  degree  of  physical  dependence,  it 
should  be  noted  that  this  single  measure  is  not  always  sufficient.  For 
instance,  several  studies  have  demonstrated  that  spontaneous  with- 
drawal from  chronic  levo-alpha-acetylmethadol  (LAAM)  or  bupre- 
norphine  administration  failed  to  result  in  pronounced  signs  of 
withdrawal  (Jasinski,  Pevnick,  Griffith  197iB;  Young,  Steinfels, 
Khazan  1979).  Such  observations  could  lead  to  the  false  conclusion 
that  LAAM  and  buprenorphine  do  not  produce  significant  degrees  of 
physical  dependence,  when  in  fact  a  variety  of  other  lines  of  evidence 
confirm  that  they  do.  For  example,  administration  of  an  opioid 
antagonist  such  as  naloxone  precipitates  a  marked  and  intense 
withdrawal  syndrome  in  LAAM-maintained  animals  (Young,  Stein- 
fels, Khazan  1979).  Analogously,  Dum,  Blasig,  and  Herz  (1981) 
performed  a  substitution  type  of  experiment  demonstrating  that 
chronic  administration  of  buprenorphine  also  results  in  physical 
dependence.  The  explanation  for  the  misleadingly  weak  spontaneous 
withdrawal  phenomena  for  LAAM  and  buprenorphine  seems  to  be 
the  slow  elimination  of  these  drugs  from  the  plasma,  which  permits 
the  body  to  adjust  more  gradually  to  drug  abstinence.  The  long 
elimination  half-life  of  LAAM's  active  metabolites  (Kaiko  and 
Inturrisi  1975)  and  buprenorphine's  unique  affinity  for  the  opiate 
receptor  and  long  elimination  half-life  (Cowan,  Lewis,  MacFarlane 
1977)  contribute  to  the  lack  of  observed  withdrawal  signs  after 
chronic  exposure  is  terminated.  A  similar  example  exists  for  the 
long-acting  benzodiazepine,  diazepam.  A  delayed  and  relatively  mild 
withdrawal  syndrome  appears  after  spontaneous  withdrawal,  but 
administration  of  the  benzodiazepine  receptor  antagonist,  Rol5-1788 
(flumazenil),  precipitates  an  immediate,  intense  abstinence  sjnti- 
drome  (Lukas  and  Griffiths  1982,  1984).  Analogous  results  are 
producied  when  the  daily  dose  level  of  shorter  acting  dn^  is 
gradually  decreased. 

A  practical  application  of  the  finding  that  the  magnitude  of 
withdrawal  reactions  tends  to  be  inversely  related  to  rate  of  drug 
elimination  is  the  gradual  elimination  of  drugs  from  individuals  who 
are  suspected  of  being  highly  physically  dependent.  Such  gradual 
elimination  reduces  the  magnitude  of  the  withdrawal  syndrome. 
This  is  the  basis  of  the  gradual  withdrawal  of  morphine,  alcohol,  or 
nicotine  after  a  period  of  chronic  intake  at  high  dose  levels  (Jaffe 
1985).  Although  gradual  dose  reduction  of  opioids  and  nicotine 
reduces  the  magnitude  of  most  aspects  of  the  withdrawal  syndrome, 
it  is  not  clear  that  such  an  approach  improves  overall  treatment 
outcome  compared  with  much  more  rapid  drug  cessation  (i.e.,  "cold 
turkey")  (Jasinski  and  Henningfield  1988;  Chapter  VII). 
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Therapeutic  or  Useful  Effects  of  Dependence-Producing 
Drugs 

With  many  dependence-producing  drugs,  the  same  biological 
properties  that  are  important  in  their  dependence-producing  proper- 
ties may  also  lend  them  to  therapeutic  application.  In  fact,  most 
classes  of  drugs  which  cause  dependence,  including  opioids,  seda- 
tives, alcohol,  cocaine-like  drugs,  and  nicotine,  have  been  used  as 
medicinals  to  treat  specific  medical  disorders  and  human  discom- 
forts. Descriptions  of  the  approved  and  general  uses  are  available  in 
the  American  Hospital  Formulary  Service  (1988),  the  Physician's 
Desk  Reference  (Medical  Economics  Company  1988),  the  United 
States  Pharmacopeia  (Griffiths,  Fleeger,  Miller  1986),  and  Goodman 
and  Oilman's  Pharmacological  Basis  of  Therapeutics  (Oilman  et  al. 
1985)  (see  also  Table  6). 

Although  each  of  the  drugs  listed  in  Table  6  has  a  range  of 
potential  or  actual  therapeutic  applications,  past  and  current  uses 
are  often  related  to  their  effects  on  mood,  feeling,  and  behavior.  For 
instance,  the  stimulants  may  be  used  to  modulate  arousal  level,  the 
opioids  to  alleviate  pain,  the  sedatives  to  alleviate  anxiety;  the  drugs 
are  sometimes  systematically  used  to  treat  the  dependence  which 
may  have  previously  developed  on  them  or  on  another  drug  in  the 
same  class.  Nicotine  is  no  exception  to  these  observations.  Historical- 
ly, tobacco  was  used  to  treat  a  range  of  disease  states,  although 
usually  without  evidence  of  efficacy  (Clorti  1931;  Austin  1979). 
Nicotine  in  the  polacrilex  gum  form  is  a  drug  approved  by  the  FDA 
for  treatment  of  nicotine  dependence  (see  Chapter  VII). 

The  therapeutic  effects  of  dependence-producing  drugs  not  only 
illustrate  an  important  point  of  commonality  among  these  drugs,  but 
these  effects  also  may  be  important  in  the  drug  dependence  process 
itself.  Such  potential  drug  actions  can  be  important  in  the  initiation, 
maintenance,  and  relapse  to  drug  dependence.  The  dependence 
process  may  have  been  precipitated  by  the  therapeutic  use  (medical- 
ly approved  or  self-initiated)  of  a  drug.  The  dependence  process  may 
be  exacerbated  by  the  real  or  perceived  benefit  of  the  drug  to  the 
individual  as  such  actions  strengthen  the  reinforcing  power  of  the 
drug.  The  therapeutic  actions  of  a  drug  may  be  associated  with 
relapse  to  drug  use  after  many  years  of  abstinence.  These  aspects  of 
dependence  potential  as  they  pertain  to  nicotine  are  discussed  in 
Chapter  VI. 

Adverse  and  Toxic  Drug  Elffects 

As  discussed  earlier,  adverse  drug  effects  are  important  clinical 
features  of  drug  dependence.  These  effects  may  be  used  as  factors  in 
objective  determinations  of  the  overall  liability  associated  with  a 
drug  (Yanagita  1987;  Griffiths  et  al.  1985).  For  instance,  chronic 
administration  of  sedatives  or  alcohol  can  produce  intoxication  and 
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severe  mood  swings  (Mello  and  Mendelson  1970;  Mello  1968;  Isbell  et 
al.  1950);  erratic  supplies  of  opioids  may  be  associated  with  socio- 
pathic  drug-seeking  and  withdrawal-related  mood  effects  (Jasinski 
1977);  erratic  supply  of  tobacco  can  also  result  in  disruption  of 
ongoing  activities  in  an  effort  to  obtain  tobacco  or  as  a  consequence 
of  withdrawal  symptoms. 

Consideration  of  multiple  factors  such  as  the  dependence  potential 
of  a  drug,  the  extent  of  its  actual  use,  and  the  degree  to  which  it 
produces  adverse  effects  can  be  used  to  assess  the  overall  liability 
associated  with  the  use  of  a  drug  (i.e.,  "abuse  liability")  (Brady  and 
Lukas  1984;  Griffiths  et  al.  1985;  Yanagita  1987).  For  example, 
caffeine  produces  only  minimal  (if  any)  disruptive  behavioral  or 
physiological  effects  and  is  not  generally  regarded  as  posing  a  serious 
public  health  problem  even  though  self-administration  may  be 
widespread  (e.g.,  caffeine  in  tea  or  coffee)  (Griffiths  and  Woodson 
1988a,b).  In  contrast,  drugs  which  produce  disruptive  physiological 
and  behavioral  changes  even  when  self-administered  infrequently 
may  be  considered  to  represent  a  more  serious  health  hazard  (e.g., 
LSD).  Drugs  may  fall  anywhere  on  the  continuum  defined  by  these 
parameters,  and  the  relative  impact  on  health  is  most  effectively 
determined  by  a  comprehensive  assessment  of  these  interactive 
behavioral  and  physiological  dimensions  (Griffiths,  Brady,  Snell 
1978b;  Griffiths  et  al.  1985;  Brady  and  Lukas  1984;  Yanagita  1987). 

Identification  of  Dependence-Producing  Drugs 

Independent  of  whether  use  of  a  substance  has  been  observed  to 

lead  to  addiction,  it  is  possible  to  directly  and  objectively  test  a 
chemical  to  determine  if  it  is  addicting.  Such  tests  provide  data  used 
by  Federal  (e.g.,  FDA,  Drug  Enforcement  Administration)  and 
International  (e.g.,  WHO)  agencies  as  to  how  to  regulate  chemicals. 
In  fact,  new  drugs  are  usually  evaluated  and  regulated  ("scheduled") 
before  they  are  ever  niade  available  for  medical  aipplication.  Such 
decisions  rely  heavily  upon  the  known  properties  of  addicting  drugs 
and  on  the  methods  used  to  test  for  such  properties  (both  described  in 
this  Chapter).  Although  the  physicochemical  structure  of  the  drug  is 
one  determinant  of  the  stimulus  effects  produced  by  drug  adminis- 
tration, simply  knowing  the  drug  structure  is  rarely  sufficient  to 
predict  the  nature  and  magnitude  of  possible  drug  effects  (Barnett, 
Trsic,  Willette  1978);  behavioral  and  physiological  testing  in  animals 
and  humans  is  usually  necessary.  When  there  is  convergent  evidence 
from  multiple  measures  of  dependence  potential,  then  the  drug  is 
appropriately  regarded  as  addicting  or  dependence  producing. 
Whether  humans  outside  the  laboratory  actually  become  addicted 
will  depend  on  additional  factors  such  as  availability,  price,  and 
social  acceptability  of  the  drug  (US  DHHS  1987;  also  see  discussion 
by  Katz  and  Goldberg  1988). 
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Table  6  provides  a  comparison  of  several  drugs  in  terms  of  the 
major  measures  that  have  been  reviewed  in  this  Chapter.  As  shown 
in  the  table,  drugs  known  to  produce  widespread  problems  in  a  given 
population  are  characterized  by  positive  responses  with  most  of  these 
measures  (cocaine,  morphine-like  drugs,  alcohol,  and  nicotine). 
Conversely,  drugs  not  contributing  to  such  problems  have  fewer 
positive  responses  on  the  various  tests  (cholorpromazine).  Intermedi- 
ate drugs  are  associated  with  intermediate  levels  of  difficulty  in 
manjagement  of  use. 

Comparison  Among  Drugs 

Within  a  given  class  of  drugs,  it  is  sometimes  possible  to  rate  their 
relative  efficacy  as  reinforcers  by  how  much  behavior  was  affected 
(e.g.,  how  many  lever  presses  would  occur  or  how  much  money  would 
be  paid)  (Griffiths  et  al.  1981;  Yanagita  1987).  For  instance,  the 
slower  onsetting/offsetting  formulations  of  opioids,  barbiturates, 
stimulants,  and  nicotine  appear  to  have  a  lower  dependence  poten- 
tial than  the  quicker  onsetting  and  offsetting  formulations  (Jaffe 
1985). 

The  practical  generality  of  such  comparisons,  however,  is  limited 
because  many  other  factors  determine  the  overall  level  of  depen- 
dence that  might  develop,  the  extent  of  social  and/or  personal 
damage,  and  the  resulting  level  of  social  concern  (Yanagita  1987; 
Katz  and  Goldberg  1988).  For  example,  the  increasing  availability 
and  decreasing  relative  price  of  cocaine  in  recent  years  are  major 
factors  contributing  to  increased  levels  of  use  and  resultant  social 
damage  (US  DHHS  1987).  Analogously,  the  widespread  ready 
availability  and  the  relatively  low  cost  of  tobacco  products  and 
alcohol  have  probably  contributed  to  the  much  higher  rates  of 
addiction  and  mortality  associated  with  alcohol  and  tobacco  than 
with  drugs  such  as  cocaine,  even  though  cocaine  may  appear  to  be  a 
more  effective  reinforcer  in  animals.  Social  or  cultural  factors  may 
also  contribute  to  the  spread  and  levels  of  drug  use.  For  example, 
sensational  press  reporting  may  have  contributed  to  the  populariza- 
tion "of  barbiturates  in  the  1960s  (Brecher  1972),  and  the  mass 
miarketing  and  advertising  of  tobacco  products  is  likely  to  have 
contributed  to  the  use  of  these  products,  especially  among  women 
and  especially  in  the  case  of  smokeless  tobacco  products  (Ernster 
1985,  1986;  Warner  1986b;  Davis  1987;  Tye,  Warner,  Glantz  1987). 

Four  examples  of  drugs  associated  with  striking  changes  in  the 
prevalence  of  use  among  various  populations  as  well  as  eissociated 
morbidity  are:  alcohol,  for  which  use  and  associated  diseases 
decreased  during  the  Prohibition  years  early  in  the  20th  century; 
lysergic  acid  diethylamide  (LSD),  for  which  use  and  associated 
hospitalizations  were  elevated  during  the  1960s;  cocaine,  for  which 
use  and  associated  hospitalizations  increased  during  the  1970s 
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(Crowley  and  Rhine  1985;  Levine  1984;  Nahas  and  Frick  1981; 
Dupont,  Goldstein,  Brown  1979;  Holder  1987;  US  DHHS  1987); 
tobacco,  in  which  consumption  of  smokeless  tobacco  products  in- 
creased among  youth  in  1970s  and  cigarette  consumption  increased 
sharply  among  women  in  the  1950s  and  1960s  (US  DHHS  1981, 1986; 
Appendix  A).  As  discussed  in  the  aforementioned  references,  the 
changes  in  use  of  these  drugs  were  not  due  to  changes  in  the 
pharmacologic  actions  of  the  drug  or  sudden  changes  in  genetic 
constitution  of  the  populations,  but  rather  to  changes  in  factors  such 
as  availability,  cost,  social  acceptability,  regulatory  controls,  market- 
ing efforts,  and  general  perceptions  about  the  risks  associated  with 
use. 

Finally,  various  other  factors  contribute  to  the  level  of  social 
concern  and  may  be  only  indirectly  related  or  unrelated  to  the 
pharmacologic  properties  of  the  drug  itself.  For  instance,  the 
observations  on  transmission  of  AIDS  by  way  of  shared  needles 
among  i.v.  drug  users  and  on  cancer  caused  by  tobacco  smoke 
carcinogens  have  greatly  increased  the  liability  of  use  attributed  to 
these  drugs  in  recent  years. 

Environmental  Determinants  of  Drug  Dependence  including 
Behavioral  Conditioning 

A  common  feature  of  use  of  all  dependence-producing  drugs  is  that 
the  positive  (satisfaction  symptoms)  and  negative  (e.g.,  withdrawal 
symptoms)  effects  may  become  conditioned  responses  to  associated 
environmental  stimuli.  The  implications  of  this  are  important  for 
understanding  the  chronic  and  self-sustaining  nature  of  drug 
dependencies.  Such  conditioning  is  a  powerful  behavioral  mechan- 
ism by  which  the  drug  comes  to  control  an  increasing  amount  of  the 
behavior  of  the  drug  user  CThomi^on  and  Schuster  1968;  Goldberg 
1976a). 

Some  of  the  important  environmental  determinants  of  drug 
dependence  are  discussed  elsewhere  in  this  Chapter  in  the  context  of 
drug  self-administration  studies.  These  factors  include:  (1)  the 
behavioral  or  economic  cost  of  the  drug  itself  or  of  taking  the  drug, 
(2)  direct  pressure  to  take  the  drug  by  making  other  reinforcers 
contingent  upon  drug  taking,  and  (3)  the  other  ongoing  activities  of 
the  person  (e.g.,  demanding  work  schedule)  that  tend  to  enhance 
drug  taking.  The  focus  of  the  present  Section  is  on  environmental 
stimuli  that  may  contribute  to  drug  dependence  by  evoking  urges  to 
use  drugs,  and  by  eliciting  bodily  responses  that  mimic  the  usual 
effects  of  either  drug  taking  or  drug  withdrawal  reactions. 
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Drug  Taking  as  a  Learned  Behavior 

The  interface  between  a  drug  and  its  effects  is  the  behavior  of 
obtaining  and  ingesting  the  drug.  Such  behavior  is  learned  behavior, 
and  as  discussed  earlier  in  this  Chapter,  many  of  the  factors  that 
modulate  this  behavior  are  similar  to  those  which  modulate  other 
learned  behaviors  including  eating,  exercise,  and  occupational  skills 
(Thompson  and  Schuster,  1968).  Technically,  drug  taking  is  "operant 
behavior"  and  includes  "respondent"  or  "classically  conditioned" 
components.  The  basic  governing  principle  of  operant  behavior  is 
that  it  occurs  in  the  context  of  certain  stimuli  and  is  either 
strengthened  or  weakened  by  the  nature  of  the  consequence  (a 
positive  reinforcer  strengthens  the  response  and  a  punisher  weakens 
the  response)  (Skinner  1938, 1953),  Thus,  for  example,  a  friend  might 
offer  a  drug  (antecedent  stimulus);  the  drug  is  ingested  (operant 
behavior  or  response);  and  the  dffects  of  the  drug  strengthen  the 
behavior  (positive  reinforceraent).  Respondent  conditioning  occurs 
simultaneously  and  further  contributes  to  the  strength  of  the 
behavior  (Bouton  and  Swartzentruber  1986).  A  drug  might  serve  as 
an  unconditioned  stimulus  which  eUcits  a  relatively  involuntary 
response  (e.g.,  nicotine  and  morphine  can  elicit  feelings  of  pleasure 
and/or  nausea);  when  physical  dependence  has  occurred,  drug 
abstinence  can  also  elicit  certain  responses  (e.g.,  anxiety  and  urges  to 
take  the  drug).  Any  environmental  or  even  internal  stimulus  can 
become  part  of  this  conditioning  process  by  repeated  association  with 
the  elicited  response.  For  example,  the  taste  of  alcohol,  the  smell  of 
smoke,  "thinking"  about  use  of  the  substance,  and  the  sight  of 
cocaine-  or  opioid-associated  paraphemaUa  can  elicit  feelings  associ- 
ated with  either  the  administration  or  withdrawal  of  the  drug 
(Childress,  McLellan,  O'Brien  1986a,b;  Ludwig  1986;  Ludwig  and 
Stark  1974;  Erben  1977;  Gotestam  and  Melin  1983;  Pickens,  Bigelow, 
Griffiths  1973;  Rickard-Figueroa  and  Zeichner  1985;  Levine  1974). 

The  simultaneous  operation  of  both  operant  and  respondent 
conditioning  can  converge  to  generate  and  maintain  powerful  chains 
of  behavior  over  which  the  individual  may  have  little  control.  As 
shown  earlier  in  this  Chapter,  highly  addicting  drugs  are  those 
which  are  very  effective  at  reinforcing  behavior  and  eliciting 
responses.  Their  power  can  be  increased  by  factors  such  as  drug 
deprivation,  which  may  be  associated  with  a  discomforting  with- 
drawal syndrome.  In  the  presence  of  withdrawal,  the  person  may 
behave  in  a  way  to  relieve  the  discomfort  of  a  withdrawal  syndrome; 
in  this  case  the  withdrawal  syndrome  itself  may  be  said  to  be 
functioning  as  a  negative  reinforcer.  When  drugs  are  readily 
available,  as  with  tobacco  for  most  people  or  opioids  for  physicians, 
these  behavioral  conditioning  processes  may  be  very  subtle  because 
the  drug  can  be  taken  in  a  pattern  that  avoids  excessive  discomfort. 
For  example,  early  interoceptive  or  subjective  withdrawEil  cues  that 
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are  evident  upon  waking  in  the  morning  signal  that  "it  is  time  to 
smoke  a  cigarette,"  and  thus  the  smoker  neither  "forgets  to  smoke" 
nor  experiences  pronounced  withdrawal  symptoms. 

As  implied  by  the  foregoing  discussion,  the  strength  and  persis- 
tence of  drug-seeking  behavior  are  not  just  functions  of  the  drug 
itself  or  of  withdrawal.  Rather,  they  are  determined  by  many  factors, 
such  as  the  number  of  times  that  certain  responses  are  associated 
with  certain  stimuli,  the  presence  or  absence  of  such  stimuli,  the 
subjective  discomfort  occurring  as  part  of  withdrawal,  and  the 
availability  of  the  drug.  The  convergence  of  so  many  environmental 
and  subjective  forces  can  result  in  extremely  persistent  behavior 
that  may  appear  disproportionate  to  the  pleasure  actually  experi- 
enced when  the  drug  is  taken  (e.g.,  the  few  minutes  of  pleasure  from 
the  postdinner  cigarette  or  when  heroin  is  taken  after  8  to  12  hr  of 
deprivation).  In  fact,  the  subjective  pleasure  itself  may  be  very  mild, 
and  the  person  may  describe  the  role  of  the  drug  as  "simply 
maintaining  feelings  of  normalcy  or  comfort"  and  not  as  "getting 
high"  per  se.  The  scientific  basis  for  these  observations  has  been 
actively  and  systematically  studied  since  the  pioneering  work  of 
Wikler  and  others  (Wikler  1973)  and  has  been  reported  and  reviewed 
in  detail  elsewhere  (Goudie  and  Demellweek  1986;  O'Brien,  Ehrman, 
Ternes  1986;  Grabowski  and  Cherek  1983;  Grabowski  and  O'Brien 
1981;  Childress,  McLellan,  O'Brien  1986a,b;  McLellan  et  al.  1986; 
Wikler  1973;  Meyer  and  Mirin  1979). 

Dn^-Associated  Stimuli  Modulate  Drug  Seeking 

Stimuli  associated  with  drug  effects  may  come  to  elicit  ("trigger") 
those  same  effects  or  sometimes  opposite  effects  (withdrawal  re- 
sponses). For  example,  increased  heart  rate  induced  by  stimulant 
administration  may  become  associated  with  multiple  environmental 
stimuli — ^the  color  of  the  tablet,  the  individual  who  provided  it,  and 
the  office  environment  in  which  the  drug  was  taken.  These  stimuli 
may  act  alone  or  in  concert.  One  stimulus  may  produce  a  slight  heart 
rate  change;  two  such  stimuli  may  produce  a  larger  change;  and  the 
presentation  of  many  such  stimuli  may  have  a  S5rnergistic  effect. 
Other  stimuli  may  counteract  or  facilitate  these  effects  (Schindler, 
Katz,  Goldbei^,  in  press). 

The  response  produced  in  relation  to  environmental  correlates 
may  differ  qualitatively  from  the  direct  drug  effect.  For  instance,  the 
direct  effect  of  a  drug  may  be  a  heart  rate  increase,  whereas  the 
conditioned  or  learned  response  to  drug-associated  stimuli  may  be 
either  a  decrease  or  an  increase  in  heart  rate.  Changes  may  be 
particularly  evident  for  agents  with  biphasic  effects  such  as  nicotine. 
Whatever  the  direction  of  change  in  response  value,  the  events  may 
be  of  physiological  and  behavioral  significance  (for  example,  see 
Childress,  McLellan,  O'Brien  1986a,b;  O'Brien,  Ehrman,  Ternes 
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1986;  Stewart,  de  Wit,  Eikelboom  1984;  Grabowski  and  O'Brien  1981; 
Childress  et  al.,  in  press).  These  complex  conditioning  processes 
which  can  function  to  precipitate  drug  taking  appear  to  function 
similarly  for  a  variety  of  drugs  including  opioids  and  tobacco  (Temes 
1977). 

Since  the  1960s  many  researchers  have  shown  that  the  role  of 
associated  stimuli  is  important  for  diverse  biological  reinforcers  such 
as  drugs,  food,  and  sex.  For  example,  Thompson  and  Schuster  (1964) 
demonstrated  that  environmental  stimuli  paired  with  drugs  could 
themselves  come  to  generate  drug  seeking  in  monkeys.  Schuster  and 
Woods  (1968),  Davis  and  Smith  (1976),  and  Carnathan,  Meyer,  and 
Cochin  (1977)  demonstrated  that  stimuli  previously  associated  with 
drug  taking  could  generate  much  drug-seeking  behavior  in  animals 
during  extinction  of  use  when  the  drug  is  no  longer  available. 
Similar  finding  were  obtained  in  a  study  of  i.v.  cocaine  self- 
administration  in  which  human  volunteers  emitted  high  rates  of 
lever  pressing  in  the  presence  of  cocaine-associated  stimuli  when  the 
drug  was  not  available  (Katz  and  Goldberg  1988). 

Goldberg  (1976b)  reported  that  environmental  stimuli  associated 
with  drug  taking  could  help  sustain  substantial  behavioral  reper- 
toires in  monkeys  often  far  in  excess  of  the  behavior  that  was 
maintained  when  just  the  drug  was  given.  Similarly,  Meisch  found 
that  the  taste  and  smell  of  alcohol,  which  were  normally  found  to  be 
highly  aversive  to  rats,  became  highly  effective  stimuli  in  their  own 
right  in  the  maintenance  of  alcohol-seeking  behavior,  even  when 
alcohol  was  not  actually  available  for  the  rats  to  consume  (Meisch 
1977).  Lai  and  colleagues  (1976)  demonstrated  that  environmental 
stimuli  previously  associated  with  drug  effects  could,  by  producing 
drug-like  responses,  attenuate  opiate  withdrawal  signs  in  rats.  These 
and  many  other  studies  have  shown  conclusively  that  specific 
environmental  stimuli  associated  with  drug  taking  exert  control 
over  drug  seeking,  drug  taking,  and  characteristics  of  the  drug 
response  itself. 

Environmental  conditions  in  many  forms  can  contribute  to 
sustained  drug  use,  and  specific  stimulus  conditions  can  have  well- 
defined  drug-like  properties.  This  phenomenon,  which  has  been  well 
documented  in  laboratory  settings,  is  recognized  as  being  powerful  in 
clinical  pharmacology,  in  which  "placebo"  effects  (conditioned 
response  to  drug-taking  conditions)  may  be  dramatic  and  difficult  to 
separate  from  so-called  direct  drug  effects.  Both  direct  drug  effects 
and  those  established  through  learning  influence  physiology  and 
behavior,  thereby  contributing  to  the  strength  of  addictive  behav- 
iors. Recent  reports  suggest  that  conditioned  effects  can  be  attenuat- 
ed for  some  individuals  through  effective  treatment  specifically 
designed  to  extinguish,  or  alter  through  learning,  these  responses 
(Childress,  McLellan,  O'Brien  1986a,b;  McLellan  et  al.  1986). 
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The  stimuli  associated  with  drug  effects  also  may  generate  further 
drug  seeking  and  drug  taking.  Wikler  (1973)  and  more  recently 
Meyer  and  Mirin  (1979)  contributed  substantially  to  both  the 
conceptual  framework  and  the  data  describing  these  complex 
phenomena.  These  investigators  found  that  environmental  stimuli 
which  correlated  with  direct  drug  effects  are  pertinent  to  the 
acquisition,  maintenance,  and  elimination  of  opioid  taking  by 
humans.  Similar  findings  were  observed  in  an  intensive  study  of  an 
alcoholic  subject:  alcohol-associated  stimuli  produced  orderly  re- 
sponses including  urges  to  drink  and  even  drinking  itself  (Pickens, 
Bigelow,  Griffiths  1973).  A  series  of  studies  by  Goldberg  and  his 
colleagues  (Goldberg  1970;  Goldbergs  Kelleher,  Morse  1975;  Goldberg 
and  Kelleher  1977;  Goldberg,  Spealman,  Kelleher  1979)  showed  that 
environmental  stimuli  occasionally  associated  with  morphine  injec- 
tions or  with  early  withdrawal  effects  could  lead  to  increased  drug 
seeking  and/or  drug  taking. 

Conditioned  Withdrawal  Symptoms  May  Precipitate  Drug 
Seeking 

Wikler  (1948)  first  described  the  discomfort  of  longrabstinent 
patients  on  their  return  to  environments  in  which  they  had 
previously  used  drugs  and  experienced  withdrawal  symptoms.  Subse- 
quently, Wikler  (1973),  O'Brien  (1975)  and  colleagues  (O'Brien, 
Ehrman,  Temes  1986;  O'Brien  et  al.  1975),  and  several  other 
researchers  (Siegel  1975,  1976,  1978;  Eikelboom  and  Stewart  1979; 
Stewart,  de  Wit,  Eikelboom  1984;  Childress  et  al.,  in  press)  have 
made  fundamental  contributions  to  the  identification  of  the  complex 
interplay  of  factors  modulating  the  physiological  and  behavioral 
components  of  abstinence.  These  and  other  studies  have  shown  that 
the  conditions  established  by  abrupt  withdrawal  after  chronic 
administration  of  a  drug  can  serve  as  setting  conditions  which  may 
result  in  further  drug  taking.  In  other  words,  for  some  individuals 
the'  onset  or  anticipation  of  abstinence  symptoms  may  be  strongly 
linked  to  reinitiation  of  drug  self-administration.  In  turn,  the  drug 
effect  reinforces  the  reinitiation  of  drug  taking  (Stewart,  de  Wit, 
Eikelboom  1984).  Withdrawal  symptoms  and  drug  taking  may  thus 
become  closely  associated  with  a  range  of  environmental  stimuli. 
These  stimuli  then  come  to  elicit  abstinence  symptoms  and  generate 
drug  taking  through  a  variety  of  powerful  biobehavioral  mechan- 
isms. In  fact,  McNeill  and  colleagues  (1986)  have  concluded  that  the 
pattern  of  abstinence  symptoms  itself  may  be  in  part  determined  by 
conditioning  factors. 

Environmental  stimuli  can  lead  to  drug  seeking  by  eliciting 
distressing  conditioned  withdrawal  effects.  Several  thorough  reviews 
on  conditioning  factors  in  drug  dependence  indicate  that  correlated 
behaviors  and  stimuli  dramatically  alter  drug  effects,  withdrawal 
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symptoms,  and  other  features  of  substance  use  behaviors  (Goudie 
and  Demellweek  1986;  O'Brien,  Ehrman,  Ternes  1986;  Grabowski 
and  Cherek  1983;  Grabowski  and  O'Brien  1981).  These  interacting 
factors  have  also  been  described  in  a  number  of  prominent  medical 
and  scientific  texts  (Jaffe  1986, 1987),  as  well  as  in  the  recent  Second 
Triennial  Report  to  Congress  from  the  Secretary,  Department  of 
Health  and  Human  Services  (US  DHHS  1987). 

One  of  the  clearest  observations  of  the  contribution  of  environmen- 
tal factors  in  tobacco  withdrawal  was  made  by  Hatsukami,  Hughes, 
and  Pickens  (1985).  They  noted  that  the  number  of  withdrawal  signs 
increased  substantially  when  cessation  occurred  in  the  natural 
environment.  Parallels  exist  in  both  laboratory  research  and  natu- 
ralistic observation.  Stitzer,  Bigelow,  and  McCaul  (1983)  reviewed 
this  literature  and  noted  that  individuals  restrained  from  access  to 
drugs  for  prolonged  periods  tend  to  return  to  use  when  the  agents 
are  again  available;  the  implication  is  that  environmental  stimuli 
contribute  to  relapse.  In  a  laboratory  study,  Thompson  and  Ostlund 
(1965)  found  that  relapse  to  self-administration  occurs  rapidly  for 
animals  removed  from,  and  then  after  extended  periods  returned  to, 
the  original  environment  but  not  for  animals  that  undergo  extinc- 
tion of  self-administration  within  that  environment.  In  a  reverse 
situation  in  humans,  Robins,  Davis,  and  Goodwin  (1974)  reported 
that  individuals  who  experienced  initial  drug  use  in  the  stressful  and 
ready-access  conditions  of  the  Vietnam  war  tended  not  to  continue 
use  on  return  to  the  United  States. 

Relapse  to  Drug  Dependence 

For  many  drug-dependent  persons,  achieving  at  least  brief  periods 
of  drug  abstinence  is  a  readily  achievable  goal.  Maintaining  absti- 
nence, or  avoiding  relapse,  however,  poses  a  much  greater  overall 
challenge.  There  is  a  substantial  base  of  data  for  these  conclusions. 
Treatment  outcome  reviews  concerning  opioid  (Piatt  1986),  alcohol 
(Miller  and  Hester  1986a;  Peele  1987),  and  tobacco  (Brownell  et  al. 
1986;  Lichtenstein  1982;  Schwartz  1987)  dependence  show  that 
clinical  interventions  are  often  successful  in  producing  short-term 
cessation  of  drug  use  but  that  relapse  to  use  is  a  frequent 
posttreatment  occurrence  (Hunt,  Barnett,  Branch  1971;  Brownell, 
Marlatt  et  al.  1986). 

An  important  issue  in  the  contemporary  study  of  addictions  is  the 
degree  to  which  relai»e  and  recovery  are  generalizable  across 
categories  of  substances  (US  DHHS  1986;  Tims  and  Leukefeld  1986; 
Marlatt  1979;  Miller  and  Hester  1986a,b;  Schwartz  1987).  This 
Section  examines  rates  and  predictors  of  relapse  across  drug  classes 
with  emphasis  on  comparisons  among  alcohol,  opioids,  and  tobacco. 
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Implications  of  these  observations  for  the  prevention  of  relapse  will 
be  described  in  the  next  Section  of  this  Chapter. 

Definition  of  Relapse 

In  general,  rielapse  refers  to  resumption  of  drug  use  following 
abstinence  from  such  drug  use;  however,  the  criterion  for  abstinence 
and  resumption  of  drug  use  must  be  specified.  Principles  for  such 
specification  are  generally  similar  among  drugs;  however,  there  are 
drug-specific  issues  which  complicate  comparisons  of  data  and  will  be 
discussed  in  this  Section.  Oiily  when  an  individual  has  achieved 
criteria  for  abstinence  is  he  or  she  "eligible"  for  the  possibility  of 
relapse.  Defining  abstinence  over  some  time  period  as  the  eligibility 
criterion  is  useful  because  it  permits  distinctions  to  be  drawn 
between  continuous  users  and  those  who  are  able  to  "quit"  drug  use, 
however  briefly.  Definitions  of  **quit  episode"  differ  dramatically 
among  published  studies,  leading  to  quite  different  interpretations  of 
subsequent  relapse.  With  regard  to  tobacco,  a  consensus  conference, 
held  under  the  auspices  of  the  National  Heart,  Lung,  and  Blood 
Institute,  recommended  24  hr  of  continuous  abstinence  from  tobacco 
as  the  criterion  for  defining  a  quit  episode  and  establishing  eligibility 
for  relapse  to  tobacco  use  (see  Chapter  VII).  With  regard  tt  other 
dependence-producing  drugs,  patients  of  residential  alcohol  and  drug 
abuse  treatment  facilities  are  usually  deemed  eligible  for  relapse  at 
discharge  without  reference  to  the  duration  of  treatment  or  absti- 
nence. 

Two  general  ways  of  defining  relapse  after  a  period  of  abstinence 
have  appeared  in  the  literature.  Relapse  has  been  defined  as  a 
discrete  event  occurring  with  the  single  use  of  a  drug  or  as  a  process 
developing  over  time  (Wesson,  Havassy,  Smith  1986).  When  relapse 
is  defined  as  a  discrete  event,  distinction  is  often  made  between  first 
use  of  the  primary  drug  of  dependence  and  first  use  of  any  other 
psychoactive  agent.  Return  to  use  of  the  primary  drug  holds  clear 
potential  for  return  to  addiction  (Hubbard  and  Marsden  1986). 
However,  there  has  been  less  consensus  regarding  whether  use  of  a 
substitute  drug  should  be  defined  as  relapse.  When  relapse  is  defined 
as  occurring  over  time,  the  endpoint  of  the  process  has  been 
variously  defined  as  daily  drug  use  for  a  specified  period,  a  return  to 
drug  use  at  or  above  pretreatment  or  baseline  level,  a  consequence  of 
drug  use  such  as  readmission  for  treatment,  a  return  to  dependence 
defined  by  one  or  more  diagnostic  instruments,  or  a  return  to  drug 
use  at  levels  above  criteria  specified  in  terms  of  quantity  and/or 
duration  of  drug  use  (APA  1987;  Litman  et  al.  1983;  Ossip-Klein  et 
al.  1986;  Simpson  and  Marsh  1986). 

The  choice  of  definition  is  also  influenced  by  the  treatment 
modality  being  evaluated  and  by  the  theoretical  orientation  of  the 
investigator.  For  example,  relapse  is  usually  discretely  defined  in 
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clinical  applications  of  aversive  counterconditioning  to  treatment  of 
alcohol  and  tobacco  dependence  (Boland,  Mellor,  Revusky  1978; 
SchwEurtz  1987).  In  contrast,  investigations  of  skills  training  ap- 
proaches to  alcohol,  tobacco,  and  other  drug  use  treatment  tjrpically 
employ  continuous  or  process  measures  of  relapse,  e.g.,  number  of 
days  of  abstinence  (Chaney,  O'Leary,  Marlatt  1978;  Marlatt  and 
Gordon  1985)  because  new  skills  are  not  lost  after  a  slip  but  rather 
could  be  used  repeatedly  to  reestablish  abstinence  (Catalano  and 
Hawkins  1985). 

Measurement  of  Relapse 

Relapse  is  usually  assessed  by  one  of  two  measurement  procedures 
(Wesson,  Havassy,  Smith  1986).  Current  drug  use  measures  ascer- 
tain drug  use  at  selected  posttreatment  intervals  (e.g.,  3,  6,  and  12 
months).  Intermittent  drug  use  occurring  between  these  time 
intervals  may  not  be  captured  by  this  procedure.  Continuous  status 
measures  ascertain  whether  there  was  drug  use  at  any  point  in  the 
posttreatment  interval.  Current  use  measures  typically  yield  higher 
abstinence  rates  than  continuous  status  measures,  because  of  the 
variable  course  of  drug  abuse  careers  (Pickens  et  al.  1985).  Current 
use  measures  provide  point-in-time  estimates  of  relapse  status 
among  a  sample  of  treated  users,  while  continuous  status  measures 
allow  for  determining  the  percentage  of  individuals  who  have 
managed  to  achieve  relatively  enduring  abstinence  (Ossip-Klein  et 
al.  1986).  The  implications  of  different  measurement  approaches  for 
interpretation  of  relapse  phenomena  have  been  reviewed  (Wells, 
Hawkins,  Catalano,  in  press;  Brownell  et  al.  1986). 

While  self-reported  drug  use  status  has  been  the  primary  method 
of  detecting  relapse,  detection  of  the  drug  in  biological  fluids  or  in 
expired  air  is  being  used  as  an  adjunct  with  increasing  frequency 
(Wesson,  Havassy,  Smith  1986).  As  discussed  earlier  in  this  Chapter, 
biochemical  methods  of  assessii^  drug  use  vary  widely  in  their 
sensitivity  and  in  the  period  during  which  drug  use  can  be  detected 
(Walsh  and  Yohay  1987). 

Rates  of  Relapse 

Hunt  and  his  colleagues  were  the  first  to  investigate  commonali- 
ties in  relapse  processes  among  substances  (Hunt,  Bamett,  Branch 
1971;  Hunt  and  Bespalec  1974;  Hunt  and  General  1973;  Hunt  and 
Matarazzo  1970).  They  compared  relapse  rates  for  clients  discharged 
from  opiate,  alcohol,  and  tobacco  dependence  treatment  programs 
and  noted  the  remarkable  similarity  of  the  relapse  curves  they 
obtained  (Figure  2).  Relapse  was  defined  £is  any  use  of  the  priniary 
drug  of  abuse.  They  then  formulated  a  learning  theory  of  relapse 
that  was  presumed  to  operate  in  alcohol,  opioid,  and  tobacco 
dependence. 
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FIGURE  2. — Relapse  over  time  for  heroin  use,  smoking, 
and  alcohol  abuse 

SOURCE:  Hunt  et  al.  (1971). 

Although  attempts  to  base  theories  of  relapse  on  cumulative 
survival  curves,  such  as  those  depicted  in  Figure  2,  are  complicated 
by  a  variety  of  factors  (Litman,  Eiser,  Taylor  1979;  Sutton  1979; 
Brownell  et  al.  1986),  such  curves  do  possess  heuristic  value.  They 
indicate  that  abstinence  rates  fall  precipitously  in  the  early  post- 
treatment  period;  that  most  treated  smokers,  alcoholics,  and  heroin 
addicts  relapse  to  at  least  single  use  of  the  primary  drug  of  use  by  3- 
month  followup;  and  that  those  who  have  maintained  abstinence  for 
at  least  6  months  are  much  less  likely  to  relapse. 

Similar  large-scale  reviews  of  relapse  rates  for  multiple  substances 
have  not  been  published  in  recent  years.  Instead,  a  voluminous 
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literature  has  accrued  regarding  treatment  effectiveness  (Schwartz 
1987;  Miller  and  Hester  1986a;  Piatt  1986;  Simpson  and  Sells  1982). 
However,  data  from  studies  of  alcohol,  opioid,  and  tobacco  relapse 
consistently  support  the  similarities  in  relapse  rates  and  patterns 
across  these  three  forms  of  drug  dependence,  as  well  as  the  operation 
of  similar  determinants  of  relapse.  For  instance,  high  rates  of  relapse 
characterize  most  treatment  programs  for  dependence  to  opioids 
(Maddux  and  Desmond  1986;  Piatt  1986;  McAuliffe  1975;  McAuliffe 
et  al.  1986;  Waldorf  1983),  alcohol  (Belasco  1971;  Bruun  1963; 
Robson,  Paulus,  Clarke  1965;  van  Dijk  and  van  Dijk-Koffeman  1973; 
Vaillant  1982;  Imber  et  al.  1976;  Kendell  and  Staton  1966;  Orford 
and  Edwards  1977),  and  tobacco  (Brandon,  Tiffany,  Baker  1986; 
Erickson,  Rugg,  Tunstall,  Jones  1984;  Hunt  and  Matarazzo  1973; 
Marlatt  and  Gordon  1985;  Shumaker  and  Grunberg  1986;  Schwartz 
1969;  see  also  Chapter  VII).  The  remainder  of  this  Section  wiU 
address  the  parallel  in  the  correlates  of  relapse  to  these  three 
substances. 

Correlates  of  Relapse 

Factors  found  to  be  associated  with  relapse  fall  into  three  domains. 
Bacls^ound  or  pretreatment  factors  are  those  that  seem  to  heighten 
the  individual's  vulnerability  to  relapse  (Shiffman  et  al.  1986).  These 
variables  may  be  measures  of  fixed  pretreatment  characteristics 
such  as  demographics  and  drug  use  history.  Pretreatment  factors 
appear  to  account  for  between  10  and  20  percent  of  the  variance  in 
posttreatment  relapse  (Cronkite  and  Moos  1980;  Simpson,  Savage, 
Lloyd  1979;  Simpson  and  Sells  1982).  Variables  measured  during 
treatment  are  also  thought  to  influence  the  probability  of  relapse  at 
posttreatment.  These  include  treatment  length,  intensity,  setting, 
type,  ai;id  compliance  with  treatment.  Treatment  factors  appear  to 
account  for  15  to  18  percent  of  the  variance  in  drug  abuse  outcome 
studio  (Simpson,  Savage,  Lloyd  1979).  Posttreatment  factors  are 
those  associated  with  the  subject's  posttreatment  environment  or 
internal  state.  These  include  degree  of  family  support,  drug  use 
among  peers,  involvement  in  work  and  leisure  activities,  and 
emotional  states.  Posttreatment  factors  have  been  shown  to  account 
for  roughly  50  percent  of  the  variance  in  posttreatitnent  relapses 
(Finney,  Moos,  Mewbom  1980)  and  thus  may  be  the  most  important 
focus  for  relapse  prevention  efforts.  The  rest  of  this  Section  will 
review  prominent  relapse  factors  that  have  been  systematically 
studied  for  opioids,  alcohol,  and  tobacco. 

Pretreatment  Correlates  of  Relapse 

Severity  of  Drug  Dependence 

Severity  of  pretreatment  drug  dependence  is  one  determinant  of 
the  likelihood  of  relapse.  Several  studies  have  found  that  light 
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smokers  are  more  likely  to  succeed  at  abstinence  than  heavy 
smokers  (see  Table  7  and  Chapter  VII).  Similarly,  with  regard  to 
opioid  dependence,  a  shorter  pretreatment  period  of  dependence  is 
associated  with  better  posttreatment  outcomes  (Riordan  et  al.  1976), 
and  level  of  drug  craving  was  directly  related  to  the  amount  of 
variance  in  relapse  (McAuliffe  et  al.  1986).  Estlmatmg  the  contribu- 
tion of  severity  of  alcohol  dependence  to  relapse  is  more  problematic 
because  there  has  been  such  a  wide  variety  of  measures  (e.g.,  severity 
of  social  harm,  illness,  withdrawal,  or  craving)  used  among  studies. 
Thus,  the  seven  alcohol  studies  cited  in  Table  7  provide  equivocal 
results,  and  it  is  unclear  whether  there  is  actually  no  relationship  or 
whether  variability  in  measurement  among  studies  precludes  mean- 
ingful conclusions.  Furthermore,  there  is  some  evidence  that  predic- 
tions of  relapse  based  on  severity  of  dependence  are  moderated  by 
age,  marital  status  (PoUch,  Armor,  Braiker  1981),  and  gender 
(Hesselbrock  et  al.  1983).  . 

A  factor  that  complicates  the  relationship  between  duration  of 
drug  dependence  (as  a  measure  of  severity)  and  Ukelihood  of  relapse 
is  that  the  age  of  the  individual  is  directly  related  to  remission  (see 
discussion  of  spontaneous  remission  earUer  m  this  chapter).  Mill- 
man,  Khun,  and  Nyswander  (1978)  reported  that  length  and 
intensity  of  addiction  were  positively  associated  with  relapse,  except 
that  older  opioid-dependent  persons  were  more  successful  at  avoid- 
ing relapse  than  younger  ones.  In  a  foUowup  study  of  38  treated 
methadone  clients,  Riordan  and  colleagues  (1976)  found  that  re- 
lapsed subjects  were  more  likely  than  nonrelapsed  subjects  to  have 
been  addicted  longer  prior  to  treatment. 


Psychiatric  Impairment 

As  previously  discussed,  both  depression  and  anxiety  are  common- 
ly observed  as  dual  diagnoses  in  persons  dependent  on  alcohol  and 
other  psychoactive  drugs.  These  diagnoses  are  also  predictive  of  high 
rates  of  relapse  and  poor  treatment  outcomes.  As  shown  in  Table  7, 
several  studies  suggest  that  overall  severity  of  psychiatric  sympto- 
matology may  be  an  important  predictor  of  treatment  outcome.  For 
example,  McLellan  and  colleagues  (1983)  evaluated  6-month  pos^ 
treatment  outcomes  for  460  alcohoUcs  and  282  opioid  addicts  drawn 
from  6  rehabilitation  programs.  Using  an  intervention-based  assess- 
ment of  the  severity  of  psychiatric  symptomatology,  they  observed 
that  patients  with  low  psychiatric  severity  improved  in  every 
treatment  program,  while  patients  with  high  psychiatric  severity 
showed  almost  no  improvement  in  any  treatment  program.  Patients 
with  midrange  severity  levels  of  psychiatric  disorder  showed  differ- 
ential responses  as  a  function  of  treatment  modality. 
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Demographic  Factors 

Demographic  correlates  of  relapse  have  been  widely  studied. 
Consistent  demographic  predictors  of  relapse,  either  within  or 
among  substances,  have  not  been  identified  (Tucker,  Vuchinich, 
Harris  1985  and  see  Table  7).  It  is  possible  that  the  wide  historical 
diversity  of  methods  and  definitions  used  contributes  to  greater 
apparent  diversity  when  data  are  evaluated  both  within  and  among 
drug  classes. 

Treatment  Correlates  of  Relapse 

In  treatment  studies  of  opioid-dependeiit  persons,  it  has  been 
found  that  treatment  type  and  duration  as  well  as  treatment 
expectancies  affect  posttreatment  relapse.  Length  of  time  in  treat- 
ment has  been  positively  associated  with  outcomes  across  modalities 
of  drug  dependence  treatment  (McLellan  et  al.  1983;  Simpson  and 
Sells  1982).  In  addition,  treatment  completers  have  shown  more 
positive  outcomes  than  those  who  do  not  complete  treatment 
regimens  (DeLeon,  Wexler,  Jainchill  1982).  Expectations  of  positive 
treatment  outcome  have  also  been  related  to  lower  relapse  rates 
(Simpson  and  Sells  1982).  Finally,  modality  of  treatment  has  been 
related  to  treatment  outcome  in  opioid  addicts.  Methadone  mainte- 
nance, long-term  inpatient  treatment,  and  outpatient  drug-free 
programs  have  all  produced  better  outcomes  than  detoxification 
treatment  or  no  treatment  in  both  a  followup  study  (Simpson  and 
Sells  1982)  and  a  prospective  study  (Bale  et  al.  1980).  In  the  alcohol 
treatment  literature,  however,  few  differences  have  been  detected 
among  the  most  popular  treatment  techniques,  including  residential 
and  outpatient  modalities  (Emrick  1974,  1975;  Miller  and  Hester 
1986a). 

Schwartz  (1987)  has  recently  examined  the  effectiveness  of  more 
than  20  types  of  smoking  cessation  interventions  (see  Table  2  in 
Chapter  VII).  Seven  methods  showed  good  short-term  results: 
educational  techniques,  nicotine  chewing  gum  when  combined  with 
behavioral  treatment,  group  hypnosis,  physician  intervention  with 
cardiac  patients,  rapid  smoking,  satiation,  and  contingency  contract- 
ing. Multicomponent  programs  that  combined  several  interventions 
appeared  to  produce  especially  encouraging  outcomes. 

Expectations  regarding  alcohol's  effects  may  enhance  susceptibili- 
ty to  relapse.  Eastman  and  Norris  (1982)  examined  this  relationship 
in  89  persons  participating  in  outpatient  treatment  for  alcohol 
dependence.  At  a  2-month  followup,  71  percent  of  subjects  with 
positive  expectations  about  alcohol's  effects  had  relapsed  (any  level 
of  consumption  was  the  criterion),  compared  with  only  7  percent  of 
subjects  with  negative  expectations  about  the  effects  of  alcohol. 
Analogously,  in  cigarette  smokers,  expectations  regarding  one's 

320 


ability  to  successfully  abstain  may  also  predict  relapse  to  tobacco  use 
(Brandon,  Tiffany,  Baker  1986;  Chapter  VII). 

Posttreatment  Correlates  of  Relapse 

Evidence  from  a  number  of  sources  suggests  that  posttreatment 
experiences  are  particularly  important  to  the  relapse  process.  For 
example,  Finney,  Moos,  and  Mewborn  (1980)  found  posttreatment 
factors  to  account  for  roughly  half  of  all  variance  in  treatment 
outcome.  Further,  recent  investigations  of  the  effectiveness  of 
aftercare  in  the  treatment  of  drug  and  alcohol  abuse  suggest  that 
interventions  which  target  the  posttreatment  interval  may  be 
particularly  effective  (Ahles  et  al.  1983;  Catalano  and  Hawkins  1985; 
Catalano  et  al.,  in  press;  Marlatt  and  Gordon  1985).  Specific 
categories  of  posttreatment  factors  associated  with  relapse  are 
described  below. 

Family  Support  Factors 

Family  support  has  been  a  strong  predictor  of  posttreatment 
success  for  opioid  users,  alcoholics,  and  cigarette  smokers  (Table  7). 
For  example,  Orford  and  colleagues  (1976)  found  a  marital  cohesion 
factor  to  predict  treatment  outcome  for  drinking  variables  measured 
12  months  later.  Similarly,  in  a  survey  of  219  subjects  who  were 
interviewed  at  1-year  followup  after  treatment  in  a  minimal 
intervention  smoking  cessation  program,  abstainers  reported  signifi- 
cantly more  support  from  spouses,  parents,  family,  and  friends  than 
did  relapsers  (Horwitz  et  al.  1985).  Similarly,  Orford  and  colleagues 
(1976)  found  that  high  marital  discord  was  a  predictor  of  relapse 
drinking  at  the  12-month  followup  among  treated  alcoholics, 
whereas  Burton  and  Kaplan  (1968)  found  reduction  in  the  number  of 
areas  of  disagreement  between  the  alcoholic  and  his  or  her  spouse  to 
be  associated  with  improvement  in  drinking  behavior.  These  obser- 
vations are  consistent  with  the  retrospective  reports  of  relapsed 
subjects  indicating  that  interpersonal  conflict  that  was  family  or 
peer  related  was  a  trigger  for  drug  use  following  a  period  of 
abstinence  (Marlatt  and  Gordon  1980).  Taken  together,  these  data 
suggest  that  family  support  plays  an  important  role  in  preventing 
relapse  to  substance  use  and  that  family  conflict  and  lack  of  support 
for  posttreatment  recovery  may  increase  levels  of  relapse  for  treated 
users  of  alcohol,  opioids,  and  tobacco. 

Drug  Use  Among  Peers 

Relapse  to  drug  use  following  a  period  of  abstinence  after 

treatment  often  occurs  when  there  is  peer  pressure  to  use  drugs  or 
when  drugs  are  offered  by  the  nonabstinent  peer.  A  series  of  reports 
by  Marlatt,  Chaney,  and  their  associates  (Chaney,  O'Leary,  Marlatt 
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1978;  Chaney,  Roszell,  Cummings  1982;  Marlatt  1979;  Marlatt  and 
Gordon  1980,  1985)  examining  determinants  of  relapse  for  various 
substances  suggested  that  social  pressure  is  a  factor  for  approximate- 
ly 15  to  40  percent  of  relapse  episodes  among  alcohol  and  opioid 
users.  In  a  followup  study  of  treated  heroin  users,  Hawkins  (1979) 
foimd  that  69  percent  of  those  who  returned  to  heroin  use  after  drug 
treatment  reported  that  they  did  so  in  response  to  informal  pressure 
from  peers,  suggesting  an  even  stronger  effect  of  social  factors  on 
relapse  among  opioid  users.  Similarly,  living  with  smokers  (Shiffman 
1982)  and  failure  to  avoid  smoking  peers  (Graham  and  Gibson  1981) 
are  related  to  relapse  in  treated  smokers.  Specifically,  Shiffman 
(1982)  found  that  30  percent  of  the  relapse  cases  of  183  ex-smokers 
were  associated  with  the  presence  of  other  people  smoking.  Other 
investigators  have  also  found  the  presence  of  other  smokers  Oliichten- 
stein,  Antonuccio,  Rainwater  1977)  or  social  pressure  to  smoke 
(Cummings,  Gordon,  Marlatt  1980)  to  be  a  risk  factor  for  relapse 
(Chapter  VII). 

Involvement  in  Work  and  Leisure  Activities 

Although  active  employment  and  invoiyement  in  leisure  activities 
may  be  distinguished  (as  shown  in  Table  7),  there  are  similarities  in 
their  effects  on  relapse.  Furthermore,  the  factors  are  similar  in  that 
both  may  be  incompatible  with  active  involvement  with  some 
dependence-producing  drugs.  In  brief,  research  on  posttreatment 
experiences  of  both  opioid  users  and  alcoholics  has  shown  a 
consistent  positive  relationship  between  involvement  in  active 
recreational  leisure  activities  (sports,  hobbies,  crafts,  and  volunteer 
work)  and  reduced  use  of  opioids,  alcohol,  and  tobacco  (Table  7). 
Similarly,  unemplojmient  is  associated  with  relapse  to  opioids  and 
alcohol  (Table  7). 

Negative  Emotional  States 

One  of  the  most  consistent  findings  from  retrospective  studies  of 
relapse  is  the  involvement  of  negative  emotional  states  in  relapse 
episodes.  Data  supporting  this  conclusion  regarding  tobacco  use  are 
discussed  in  detail  in  Chapters  VI  and  VII  and  are  only  briefly 
summarized  in  this  Section  to  enable  a  comparison  of  findings  with 
opioids  and  alcohol.  Ludwig  (1972)  interviewed  161  relapsed  alcohol- 
ics and  reported  that  25  percent  relapsed  in  response  to  "psychologi- 
cal distress."  Marlatt  (1978)  interviewed  48  alcoholics  who  relapsed 
within  90  days  of  discharge  from  treatment  and  found  that  10 
percent  relapsed  in  negative  mood  states  and  29  percent  in  situations 
arousing  frustration  or  anger.  Negative  emotional  states  are  also 
prominent  determinants  of  relapse  to  cigarette  smoking.  For  in- 
stance, Marlatt  and  Gordon  (1980)  reported  that  43  percent  of  the 
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relapse  episodes  of  35  subjects  who  had  completed  a  smoking 
cessation  program  were  in  response  to  negative  mood  states. 

Drug  use  has  also  been  reported  as  a  means  of  alleviating  negative 
emotional  states.  For  example,  Stephens  and  Cottrell  (1971)  studied 
236  opioid  users  who  had  received  6  months  of  inpatient  methadone 
treatment.  One-quarter  of  the  clients  they  studied  relapsed,  report- 
edly using  the  drug  to  alleviate  stress  or  to  combat  personal  faults  or 
depression.  Consonant  with  these  findings*  reports  of  former  drug 
users  suggest  that  approximately  one-fourth  to  one-third  of  the 
incidents  of  first  drug  use  following  treatment  are  precipitated  by 
negative  emotional  states  (Cummings,  Gordon,  Marlatt  1980;  Mar- 
latt  and  Gordon  1980). 

Potential  sources  of  negative  emotions  cited  by  relapsers  include 
stressful  interpersonal  interactions  (e.g.,  anger,  frustration)  and 
negative  life  events  such  as  death,  illness,  job  loss,  or  change.  The 
role  of  negative  life  events  has  long  been  recognized  as  an  important 
factor  that  can  influence  psyehopathology,  illness,  and  drug  depen- 
dence; recently,  systematic  studies  of  these  latter  factors  have  also 
been  conducted  (Bloom  1985).  For  ex^unple.  Moos,  Finney,  and  Chan 
(1981)  found  that  relapsed  alcoholics  reported  nearly  twice  as  many 
negative  events  and  approximately  one-half  as  many  positive  events 
as  either  recovered  alcoholics  or  controls  (Hull  and  Young  1983; 
Vuchinich  and  Tucker  1985). 

Another  potential  source  of  negative  emotions  is  illness  or  somatic 
discomfort  from  a  variety  of  sources;  In  this  regard,  drug  dependence 
researchers  have  documented  the  tendency  of  some  drug  users  to  use 
drugs  as  a  form  of  self-medication  (see  Chapter  VI  for  tobacco- 
specific  data).  For  instance,  opioid  dependence  may  develop  during 
the  course  of  treatment  for  chronic  pain  (Khatami,  Woody,  O'Brien 
1979)  and  other  forms  of  somatic  discomfort  (Marlatt  and  Gordon 
1980;  Chaney,  Roszell,  Cummings  1982).  Similarly,  physical  symp- 
toms, including  allergies,  back  pain,  headache,  and  insomnia,  during 
the  posttreatment  period  were  related  to  opioid  and  alcohol  use  in  a 
sample  of  treated  alcoholics  (Finney,  Moos,  Mewborn  1980;  Moos  et 
al.  1979).  A  possibly  related  finding  is  the  suggestion  from  a  number 
of  studies  that  protracted  withdrawal  symptoms  are  factors  in 
relapse  to  opioid  (Martin  1972)  and  tobacco  (Pomerleau  1979; 
Shiffman  1979)  use. 

As  shown  in  this  Section,  relapse  is  characteristic  among  persons 
treated  for  opioid,  alcohol,  nicotine,  and  other  forms  of  drug 
dependence.  Rates  and  patterns  of  relapse  appear  to  vary  more  as  a 
function  of  treatment  characteristics,  client  parameters,  and  post- 
treatment  environmental  factors  than  as  a  function  of  drug  type 
when  alcohol,  opioids,  and  nicotine  are  compared. 

Posttreatment  factors  appear  to  be  the  most  important  determi- 
nants of  treatment  success  and  relapse  avoidance  for  users  of 
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tobacco,  opioids,  and  alcohol.  These  are  summarized  in  Table  7. 
Specifically,  the  most  common  predictors,  similar  for  alcohol, 
opioids,  and  nicotine,  include  posttreatment  family  support  factors, 
peer  substance  use  factors,  leisure  and  recreational  activities,  and 
occurrence  of  stressful  or  negative  affect  situations  in  the  form  of 
intrapersonal  mood  states,  somatic  complaints,  negative  life  events, 
or  stressful  interpersonal  interactions.  Additional  factors  that  ap- 
pear important  include  pretreatment  severity  of  use  (tobacco  and 
opioids),  length  of  treatment  (opioids),  and  t3rpe  of  treatment  (tobacco 
and  opioids). 

Treatment  of  Drug  Dependence 

Scientifically  based  methods  of  helping  drug  dependent  persons  to 
achieve  and  maintain  drug  abstinence  are  available  and  can  be 
efficacious.  The  methods  are  being  continually  refined,  however,  as 
new  data  are  collected  on  how  to  better  address  the  needs  of  clients 
or  patients  and  how  to  make  treatments  more  readily  available  and 
acceptable  for  those  who  want  help.  This  Section  briefly  reviews 
some  of  the  kinds  of  treatment  approaches  that  are  av£dlable  for  the 
various  drug  dependencies. 

Treatment  strategies  designed  to  address  dependence  on  opioids, 
alcohol,  nicotine,  and  many  other  dependence-producing  drugs  are 
remarkably  similar.  This  phenomenon  provides  additional  evidence 
that  the  processes  that  determine  addiction  are  similar  for  the 
various  dependence-producing  drugs.  Some  of  the  differences  in 
treatment  are  related  to  variations  in  detoxification  strategies, 
which  depend  on  the  route  of  drug  administration  and  on  differences 
in  the  duration  of  drug  action.  There  is  also  need  to  tailor  the 
content  and/or  intensity  of  treatment  delivered  to  groups  with 
different  substance  dependencies.  For  example,  the  need  for  medical 
intervention  to  alleviate  acute  withdrawal  symptoms  varies  among 
and  within  drug  classes  as  a  function  of  the  physical  dependence 
level.  This  Section  will  discuss  the  goals  of  treatment  for  drug 
dependence  and  three  types  of  interventions  that  are  commonly 
employed:  (1)  pharmacologic  substitution  therapy  designed  to 
suppress  withdrawal,  (2)  interventions  designed  to  redress  deficits  in 
skills  and/or  deficits  in  social  support  that  are  potentially  related  to 
relapse,  and  (3)  interventions  designed  to  bolster  or  sustain  motiva- 
tion for  abstinence.  These  kinds  of  intervention  strategies  are  not 
mutually  exclusive,  and  are  often  used  in  combination  to  yield  better 
overall  rates  of  success  than  any  single  approach  (Grabowski  et  al. 
1984). 
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Goals  of  Treatment 

Reducing  or  eliminating  self-administration  of  the  substance  to 
which  the  person  is  dependent  is  the  primary  goal  of  treatment. 
Traditionally,  there  has  been  a  tendency  for  treatment  programs  to 
rely  on  a  goal  of  complete  abstinence  rather  than  reduction  of  use  to 
manageable  or  nonproblematic  levels.  The  appropriateness  of  this 
goal  may,  in  part,  vary  by  drug  class,  as  well  as  by  severity  of 
dependence.  For  example,  problems  associated  with  alcohol  use  vary 
considerably,  and  it  would  appear  that  many  persons  with  low  levels 
of  dependence  are  able  to  maintain  stable  levels  of  "social  drinking," 
whereas  persons  with  more  severe  levels  of  dependence  must 
maintain  total  abstinence  (Miller  and  Joyce  1979;  Miller  1979). 
Because  it  has  been  estimated  that  only  about  10  to  15  percent  of 
adults  (United  States)  who  drink  warrant  the  designation  "problem 
drinker"  and  only  a  subset  of  these  warrant  the  designation 
"alcoholic,"  such  variation  in  treatment  goals  is  not  surprising 
(Cahalan  1970;  Miller  1979).  Analogously,  it  appears  that  only  a 
small  fraction  of  caffeinated  beverage  (e.g.,  coffee  and  tea)  drinkers 
display  distinct  adverse  consequences  and  apparent  loss  of  control 
over  caffeine  intake  (Griffiths  and  Woodson  1988) — observations 
consistent  with  the  rapidly  growing  decaffeinated  beverage  market. 
On  the  other  hand,  with  drugs  for  which  any  nonprescription  use  is 
illicit  (e.g.,  opioids)  or  on  which  the  overwhelming  majority  of  users 
are  dependent  (e.g.,  only  10.6  percent  of  current  smokers  smoke  5  or 
fewer  cigarettes/day  according  to  the  1985  National  Health  Inter- 
view Survey  (unpublished  data,  Office  on  Smoking  and  Health)),  a 
goal  of  reduction  of  use  may  be  especially  problematic  (Chapter  VII). 
Two  additional  problems  with  low-level  cigarette  use  as  a  therapeu- 
tic goal  are  that  no  level  of  cigarette  smoking  has  been  found  safe 
(US  DHHS  1986)  and  that  even  if  the  smoker  is  only  smoking  a  few 
cigarettes,  by  taking  more  puffs  per  cigarette  and  by  inhaling  the 
smoke  more  deeply,  the  smoker  might  actually  maintain  substantial 
levels  of  tobacco  toxin  intake  and  nicotine  dependence  (Kozlowski 
1981;  Benowitz  et  al.  1983;  Chapter  IV).  The  percentage  of  persons 
using  amphetamine  or  cocaine  who  are  unable  to  control  their 
intake  is  unknown,  but  because  nonmedical  use  of  these  drugs  is 
illicit  and  because  animal  and  human  research  indicates  that  these 
drugs  are  powerful  reinforcers  (US  DHHS  1987),  total  abstinence  is 
similarly  recommended  (US  DHHS  1987). 

Maintenance  of  abstinence  or  avoidance  of  relapse  is  another 
major  treatment  goal.  Because  relapse  factors  can  remain  functional 
for  many  years  in  individuals  who  are  abstaining  from  use  of  a  drug 
to  which  they  had  been  dependent  (Chapters  VI  and  VII),  designing  a 
long-range  program  to  minimize  the  impact  of  such  factors  is  an 
integral  part  of  many  drug  treatment  programs  (e.g.,  Thompson, 
Koerner,  Grabowski  1984;  Stitzer  et  al.  1984).  These  factors  may 
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include  some  assumed  to  be  physiologically  related  to  the  drug 
dependence  process  (e.g.,  anxiety  or  stress),  while  others  are  assumed 
to  function  at  more  of  a  behavioral  level  (e.g.,  the  sight  of  drug- 
associated  stimuli). 

T3i>es  of  Treatment  for  Drug  Dependence 

Treatment  approaches  can  be  divided  into  those  which  involve  the 
administration  of  drugs  (Pharmacologic  Treatment  Approaches)  and 
those  which  do  not  (Nonpharmacologic  or  Behavioral  Treatment 
Approaches).  Sophisticated  methods  involving  both  pharmacologic 
and  behavioral  approaches  are  more  recent  developments  and  show 
considerable  promise  for  the  treatment  of  dependence  to  alcohol, 
opioid,  cocaine-like  drugs,  and  nicotine  (Grabowski,  Stitzer,  Henning- 
field  1984).  Although  considered  separately  in  this  Section,  pharma- 
cologic and  behavioral  treatment  approaches  are  commonly  com- 
bined and  may  be  most  effective  when  used  in  combination  (Grabow- 
ski, Stitzer,  Henningfield  1984;  Crowley  and  Rhine  1985).  Combined 
treatment  approaches  specific  to  cigarette  smoking  are  discussed  in 
Chapter  VU. 

Pharmacologic  Treatment  of  Drug  Dependence 

Four  pharmacologically  based  approaches  for  the  treatment  of 
drug  dependence  can  be  differentiated:  (1)  replacement  or  substitu- 
tion therapy  (e.g.,  methadone  for  opiate  dependence),  in  which  a 
more  manageable  (and  ideally,  less  addicting)  form  of  the  drug  is 
provided;  (2)  blockade  therapy  (e.g.,  naltrexone  for  opiate  depen- 
dence), in  which  the  behavior-controlling  effects  of  the  abused  drug 
are  blocked  by  pretreatment  with  an  antagonist;  (3)  nonspecific 
pharmacotherapy,  in  which  the  patient  is  treated  symptomatically 
(e.g,  use  of  clonidine  during  opioid  detoxification);  and  (4)  deterrent 
therapy,  in  which  administration  of  the  treatment  drug  results  in  the 
occurrence  of  aversive  effects  when  the  abusied  drug  is  subsequently 
taken  (e.g.,  the  use  of  disulfiram  to  treat  alcoholism  (Grabowski, 
Stitzer,  Henningfield  1984;  Jaffe  1985).  Each  of  these  approaches  has 
been  described  in  greater  detail  elsewhere  and  will  be  only  briefly 
described  below  (Cooper,  Altman,  Brown,  Czechowicz  1983;  Bigelow, 
Stitzer,  Liebson  1985;  Jai^e  1985;  Jasinski,  in  press;  Jasinski  and 
Henningfield  1988;  Jarvik  and  Henningfield,  in  press). 

Replacement  Therapy 

The  most  widely  investigated  and  evaluated  pharmacologic  treat- 
ment approach  for  drug  dependence  is  replacement  therapy.  The 
general  principle  of  replacement  therapy  is  to  provide  the  patient 
with  a  safer  and  more  manageable  form  of  drug  that  directly 
alleviates  signs  and  sjmiptoms  normally  suppr^ed  by  the  substance 
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upon  which  the  patient  is  dependent  (Jaffe  1985,  1987;  Jasinski  and 
Henningfield  1988).  Ideally,  it  should  also  be  of  lower  dependence 
potential  so  that  its  use  may  be  more  residily  discontinued  than  use 
of  the  original  form  on  which  the  person  is  dependent. 

Replacement  therapies  function  through  four  general  actions:  (1) 
they  block  the  onset  of  the  physiologically  mediated  aspects  of 
withdrawal;  (2)  they  maintain  a  level  of  tolerance  that  attenuates 
the  reinforcing  properties  of  the  abused  chemical;  (3)  they  treat 
("suppre^")  other  signs  and  symptoms  such  as  dysphoria  that  may 
constitute  vulnerability  and  pose  an  impediment  to  normal  function- 
ing and  well-being;  (4)  they  directly  suppress  drug-taking  behavior, 
much  as  caloric  loading  can  suppress  eating. 

The  drugs  that  are  widely  used  to  alleviate  withdrawal  symptoms 
by  providing  some  level  of  pharmacologic  replacement  are  the 
following:  methadone  for  opiate  withdrawal  (Cooper,  Altman, 
Brown,  Czechowicz  1983),  benzodiazepines  for  alcohol  withdrawal 
(Sellers  et  al.  1983;  Newsome  and  Seymour  1983;  Liskow  and 
Goodwin  1987),  and  nicotine  polacrilex  gum  for  tobacco  withdrawal 
(Chapters  IV  and  VII).  The  potential  effectiveness  of  these  agents  in 
prevention  or  relief  of  withdrawal  symptoms  has  been  well  docu- 
mented (Jaffe  1985).  However,  relief  of  early  withdrawal  s3miptoms 
does  not  necessarily  yield  improved  overall  treatment  outcomes. 
Primary  withdrawal  symptoms  for  all  dependence-producing  drugs 
are  time  limited,  and  their  duration  does  not  span  the  entire  high- 
risk  period  for  postcessation  relapse.  These  observations  are  consis- 
tent with  the  finding  that  withdrawal  syinptomology  is  only  one  of 
several  potential  relapse  determinants. 

Besides  relief  of  withdrawal  symptoms,  there  are  several  other 
functions  that  a  replacement  therapy  might  serve  that  would  make 
continued  long-term  treatment  beneficial.  One  of  these  functions  is  a 
reduction  in  the  need  for  the  primary  addicting  drug,  along  with  a 
similar  reduction  in  drug  seeking.  Just  as  importantly,  the  replace- 
ment therapy  may  reduce  or  eliminate  s5nnptomology  (e.g.,  anxiety, 
antisocial  behavior,  inability  to  concentrate  on  tasks)  that  may 
interfere  with  the  person's  ability  to  perform  in  occupational 
settings  and  maintain  social  relationships.  Analogously,  nicotine 
replacement  therapy  during  cigarette  abstinence  can  reduce  or 
eliminate  tobacco  intake  and  symptoms  that  interfere  with  normal 
social  or  occupational  activities,  even  though  urges  to  smoke  may  not 
be  eliminated  (Chapter  VII). 

The  constraints  on  the  efficacy  of  replacement  therapies  are 
generally  similar  across  drug  classes.  Most  importantly,  the  clinical 
application  of  replacement  therapies  is  impeded  by  the  influence  of 
nonpharmacologic  factors,  which  vary  among  individuals  and/or 
situations  (e.g.,  the  specific  drug  delivery  system  customarily  used 
and  ritualistic  aspects  of  the  behavior).  Pharmacologically  related 
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differences  may  also  mitigate  acceptability  of  the  replacement  drug; 
e.g.,  orally  administered  replacements  are  generally  not  as  satisfying 
to  the  user  as  i.v.  or  inhalation  systems,  such  as  the  "crack"  form  of 
cocaine  or  tobacco  smoke.  In  addition,  replacement  therapies  do  not 
reliably  diminish  the  urge  to  use  the  drug  or  specific  drug  formula- 
tion (e.g.,  cigarette  brand  or  alcoholic  beverage)  to  which  a  person  is 
accustomed.  (Issues  related  to  craving  are  discussed  in  greater  detail 
in  Chapters  IV  and  VII;  Childress  et  al.,  in  press;  Henningfield  and 
Brown  1987.) 

Blockade  Therapy 

A  pharmacologic  alternative  to  replacement  therapy  is  to  produce 
a  pharmacologic  blockade  of  receptors  which  mediate  the  reinforcing 
as  well  as  the  toxic  effects  of  the  drug  (Jaffe  1985).  For  opioid 
agonists  such  as  morphine  and  heroin,  the  short-acting  antagonist 
naloxone  can  be  used  to  reverse  the  effects  of  an  overdose  of  the 
opioid  agonist.  The  longer  acting  antagonist  naltrexone  can  be  given 
on  a  daily  basis  to  opioid  users  to  prevent  them  from  experiencing 
the  reinforcing  and  toxic  effects  of  opioid  agonists.  Unfortunately, 
clinical  trials  have  shown  that  there  is  frequently  poor  compliance 
with  blockade  therapy  (Ginzburg  1986).  Lack  of  compliance  results  in 
limited  clinical  utility.  No  clinically  tested  antagonist  treatments 
are  currently  available  for  the  treatment  of  alcohol  or  nicotine 
dependence,  although  experimental  research  with  the  nicotine 
blocker,  mecamylamine,  suggests  that  such  an  approach  may  hold 
promise  (Chapter  VII;  Jarvik  and  Henningfield,  in  press). 

Nonspecific  Pharmacotherapy  or  Symptomatic  Treatment 

Administration  of  and  abstinence  from  dependence-producing 
drugs  produce  a  cascade  of  effects  involving  a  variety  of  neurochemi- 
cal and  physiological  effects.  As  discussed  with  regard  to  nicotine  in 
Chapters  III  and  VI,  such  drug  actions  mediate  many  of  the  desirable 
and  undesirable  effects.  In  principle,  it  is  possible  to  target  treat- 
ment approaches  on  a  symptomatic  basis. 

One  example  of  such  an  approach  is  the  use  of  an  antidepressant 
(desipramine)  to  help  achieve  and  maintain  abstinence  from  cocaine 
(Gawin  and  Kleber  1984);  cocaine  abstinence  is  often  accompanied  by 
symptoms  of  depression.  Somewhat  analogous  is  the  use  of  clonidine 
to  treat  opioid  withdrawal  symtomology  (Gold,  Dackis,  Washton 
1984).  Clonidine  seems  to  exert  its  primary  actions  by  suppressing 
aspects  of  opioid  withdrawal  that  are  mediated  by  the  activity  of  the 
sympathetic  nervous  system  (SNS).  In  one  study,  clonidine  was  just 
as  effective  as  morphine  in  the  reduction  of  certain  physiological 
signs  of  opioid  withdrawal  (Jasinski,  Johnson,  Kocher  1985);  how- 
ever, in  that  study,  clonidine  did  not  reduce  the  self-reported 
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"discomfort"  as  effectively  as  did  morphine.  These  observations  are 
consistent  with  the  conclusion  that  some  but  not  all  of  the  effects  of 
the  opioid  withdrawal  syndrome  are  mediated  by  the  SNS  and  that 
treatment  of  these  effects  may  provide  limited  but  objective  benefit. 
An  analogous  approach  has  been  explored  for  application  of  cloni- 
dine  in  the  treatment  of  tobacco  withdrawal  (Glassman  et  al.  1984, 
1988),  but  conclusions  are  only  suggestive  of  the  possible  viability  of 
this  approach  (Chapter  VH;  Jarvik  and  Henningfield,  in  press). 

Pharmacologic  Deterrents 

Drug  taking  can  sometimes  be  reduced  or  eliminated  if  the 
consequences  are  immediate  and/or  severe  enough  (Crowley  and 
Rhine  1985).  There  has  been  some  effort  to  develop  pharmacologic 
treatments  that  ensure  immediate,  reliable,  and  highly  aversive  (but 
safe)  effects  following  self-administration  of  the  drug  of  dependence. 
Only  one  such  agent  has  provided  a  near  approximation  of  these 
criteria:  disulfiram,  which  is  used  in  the  treatment  of  alcoholism 
(Jaffe  and  Ciraulo  1985;  Miller  and  Hester  1986a).  When  disulfiram 
has  been  taken,  a  small  amount  of  alcohol  can  produce  rather  severe 
discomfort  and  acute  illness.  Reviews  of  controlled  treatment 
outcome  studies  (Miller  and  Hester  1986a)  suggest  that  many  of  the 
therapeutic  effects  of  disulfiram  may  also  derive  from  placebo 
effects.  Thus,  in  some  studies  (e.g.,  Fuller  and  Roth  1979),  outcomes 
have  been  similar  for  placebo  and  active  drug  groups,  with  only 
medication-compliant  individuals  (about  20  percent  in  each  group) 
showing  good  outcomes. 

No  deterrents  comparable  to  disulfirum  in  potential  ef&cacy  have 
been  clinically  tested  for  treatment  of  dependence  on  opioids  or 
nicotine  (see  also  Chapter  VII).  As  with  antagonists,  a  practical 
problem  in  treatments  using  deterrents  is  compliance,  i.e.,  maintain- 
ing adequate  levels  of  use  of  the  medication  itself.  A  deterrent  is 
ineffective  if  it  is  not  taken,  and  development  of  contingencies  to 
ensure  that  the  patient  takes  the  deterrent  has  proceeded  slowly 
(Bigelow,  Stitzer,  Liebson  1984,  1985;  Stitzer,  Bigelow,  Liebson, 
McCaul  1984).  Therefore,  even  if  theoretically  effective  deterrents 
become  available  for  treatment  of  other  drug  dependencies,  their 
utUity  might  be  limited. 

Behavioral  Treatment  Strategies 

Despite  the  powerful  sequelae  which  may  accompany  both  drug 
administration  and  drug  abstinence,  most  drug-dependent  persons 
(possibly  excluding  opioid  users)  are  not  systematically  treated  with 
pharmacologic  approaches.  Drug  dependent  persons  may  eventually 
"spontaneously  remit"  (discussed  earlier  in  this  Chapter),  but  many 
others  enter  formal  treatment  programs  that  provide  supportive  EUid 
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behavioral  therapy.  Behavioral  treatment  approaches  have  a  hetero- 
geneous array  of  theoretical  bases  and  means  of  implementation 
(Stitzer,  Bigelow,  McCaul  1983).  Although  the  term  "behavioral 
treatment"  is  often  reserved  for  approaches  which  involve  the 
systematic  application  of  behavior  modification,  it  is  sometimes 
applied  to  any  nonpharmacologic  approach.  Thus,  behavioral  strate- 
gies may  involve  group  support,  individual  counseling,  skills  train- 
ing, or  family  intervention  (Krasnegor  1979a;  Grabowski,  Stitzer, 
Henningfield  1984).  The  present  Section  will  provide  a  brief  review 
of  behavioral  approaches  aimed  largely  at  relapse  prevention. 

The  major  challenge  in  the  treatment  of  drug  dependence  is  no 
longer  in  the  initial  attainment  of  abstinence;  rather  it  is  in  the 
maintenance  of  abstinence.  In  fact,  it  is  worth  noting  that  the  shift 
in  emphasis  from  achievement  of  abstinence  to  the  maintenance  of 
abstinence  is  an  important  advance  in  treatment  efficacy  in  itself 
(McAuliffe  et  al.  1986).  This  current  focus  has  resulted  in  the 
development  of  nonpharmacologically  based  approaches  aimed  at 
what  is  often  termed  relapse  prevention.  In  the  past  decade,  relapse 
prevention  interventions  have  been  increasir^ly  founded  on  empiri- 
cal investigations  of  situational  precipitants  of  relapse  and/or  have 
addressed  factors  known  to  predict  relapse  that  can  be  manipulated 
(Catalano  and  Hawkins  1985;  Catalan©  et  al.,  in  press;  Hawkins  and 
Catalano  1985;  Marlatt  and  Gordon  1985;  Tucker,  Vuchinich,  Harris 
1985;  Brownell  et  al.  1986;  Todd,  1984). 

A  specific  goal  of  approaches  to  relapse  prevention  is  to  increase 
the  impact  of  those  factors  that  are  negatively  associated  with 
relapse  and  to  decrease  the  impact  of  factors  that  are  positively 
associated  with  relapse.  These  approaches  have  led  to  the  develop- 
ment of  a  number  of  techniques  that  hold  promise  for  prevention  of 
posttreatment  relapse.  Some  of  the  better  documented  approaches 
are  summarized  below. 

Relapse  Prevention  Skills 

Marlatt  and  his  associates  (Marlatt  and  Gordon  1980,  1985; 
Cummings,  Gordon,  Marlatt  1980)  have  developed  a  cognitive 
behavioral  model  of  relapse  which  includes  skills  training  for  each 
phase  of  the  relapse  process.  They  advocate  training:  (1)  to  recognize 
"apparently  irrelevant  decisions  leading  to  relapse";  (2)  to  identify 
and  cope  with  personal  high-risk  relapse  situations;  (3)  to  practice 
behaviors  which  increase  perceptions  of  self-efficacy  and  control 
such  as  reading,  relaxation,  and  meditation;  (4)  to  recognize  the 
negative  effects  in  biphasic  drug  action  which  follow  immediate 
positive  effects;  (5)  to  cope  with  a  slip;  and  (6)  in  some  cases,  to 
practice  a  relapse  under  controlled  circumstances  called  a  "pro- 
grammed relapse"  (although  the  general  efficacy  of  this  approach 
has  not  been  confirmed). 
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Reports  of  skills  training  with  alcoholics  far  outnumber  reports  of 
similar  training  with  users  of  other  drugs.  Treatment  in  these 
studies  usually  involves  assertion/social  skills  training,  problem- 
solving  training,  and/or  practice  of  high-risk  situations  using  a 
combination  of  methods,  including  didactic  presentation,  modeling, 
role  play,  feedback,  generation  and  evaluation  of  alternative  prob- 
lem solutions,  and  homework  assignments.  Skills  improvement  has 
been  achieved  as  indicated  by  role  play,  self-report,  and  question- 
naire measures,  and  a  positive  impact  of  skills  training  procedures 
has  been  shown  in  the  treatment  of  alcohol  use  (Watson  and  Maisto 
1983;  Van  Hs^selt,  Hersen,  Milliones  1978)  and  cigarette  smoking 
(Shiffman  1982;  Hall,  Rugg  et  al.  1984). 

The  effectiveness  of  skills  training  with  users  of  drugs  other  than 
alcohol  has  not  been  as  thoroughly  evaluated  as  for  alcohol.  In  five 
single-case  and  uncontrolled  group  studies  involving  primarily 
opioid  users,  two  reported  reduced  drug  use  at  followup  (Cheek  et  al. 
1973;  Polakow  and  Doctor  1973);  four  found  self-reported  improve- 
ments in  social  functioning  (Cheek  et  al.  1973;  Matefy  1973;  Polakow 
and  Doctor  1973;  Wolpe  1965);  and  one  reported  improved  role  play 
performance  (Callner  1973).  Four  studies  of  users  of  a  variety  of 
illicit  drugs  (Callner  and  Ross  1978;  Hawkins,  Catalano,  Wells  1986; 
Smith  1982;  lin  et  al.  1982)  have  reported  improvements  in  skills 
related  to  high-risk  relapse  situations,  and  one  found  decreased  use 
of  marijuana  (Smith  1982).  In  one  study,  skill  changes  generalized  to 
untrained  situations  and  were  maintained  1-year  posttreatment 
(Hawkins,  Catalano,  Wells  1986).  As  discussed  in  Chapter  VII, 
preliminary  studies  suggest  that  skills  training  strategies  may  be  of 
some  utility  in  the  treatment  of  tobacco  dependence.  For  example. 
Hall,  Rugg,  Tunstall,  and  Jones  (1984)  found  that  smokers  receiving 
relapse  prevention  skills  training  were  significantly  less  likely  to 
relapse  than  smokers  assigned  to  a  discussion  control  condition. 
Subsequent  studies  and  reviews  indicate  mixed  results  (Hall  et  al. 
1985;  Schwartz  1987). 

Leisure  Activity  Skills 

In  recognition  of  the  association  of  relapse  with  an  absence  of 
active  leisure  activity,  a  number  of  aftercare  programs  have 
attempted  to  increase  participation  of  clients  in  organizations 
beyond  work  or  treatment  (Catalano  and  Hawkins  1985;  McAuliffe 
et  al.  1986;  Nurco  et  ail.  1983;  Wolf  and  Kerr  1979).  Controlled  studies 
have  shown  that  drug  users  can  be  encouraged  to  participate  in 
voluntary  community  organizations  and  activities  following  inpa- 
tient treatments  and  that  these  contacts  can  be  maintained  over  a  1- 
year  period  following  treatment,  but  in  these  studies  there  were  no 
beneficial  effects  in  reducing  relapse  rates  (Catalano  and  Hawkins 
1985;  Hawkins  and  Catalano  1985). 
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For  alcoholics  and  cigarette  smokers,  physical  exercise  has  been 
examined  as  a  potential  relapse  prevention  strategy.  Murphy, 
Marlatt,  and  Pagano  (1986)  found  that  problem  drinkers  trained  in 
running  reported  greater  reductions  in  drinking  at  followup  than  did 
drinkers  trained  in  meditation.  In  a  retrospective  self-report  study, 
Koplan,  Powell,  Sikes,  Shirley,  and  Campbell  (1982)  found  at  1-year 
followup  that  of  the  2,500  runners  competing  in  the  lOK  Peachtree 
Road  Race  in  Atlanta  and  returning  questionnaires,  81  percent  of 
males  and  74  percent  of  females  who  smoked  cigarettes  before  they 
started  running  had  stopped  smoking  after  they  began  running. 

Stress  Management  Skills 

As  discussed  earlier  in  this  Chapter  and  in  Chapters  VI  and  VTI, 
negative  emotions  associated  with  stressful  events  or  interpersonal 
interactions  have  been  strongly  implicated  in  relapse  precipitation. 
In  principle,  such  emotional  states  can  be  addressed  through  stress 
management  training,  relaxation,  meditation,  or  other  "lifestyle" 
interventions  (Marlatt  and  Gordon  1985;  Charlesworth  and  Dempsey 
1982).  Although  stress  reduction  techniques  are  frequently  included 
as  a  part  of  drug  abuse  treatment,  there  are  a  surprisingly  small 
number  of  well-controlled  studies  addressing  the  effectiveness  of 
anxiety-reduction  techniques  with  drug-abusing  clients  (Marlatt  and 
Gordon  1985).  As  indicated  earlier  in  this  Section,  there  is  evidence 
that  programs  which  may  reduce  anxiety  by  use  of  aerobic  exercise 
or  relaxation  practice  can  bring  about  significant  reductions  in 
alcohol  use  among  heavy  drinkers  (Marlatt  and  Marques  1977; 
Marlatt  et  al.  1984;  Murphy,  Marlatt,  Pagano,  1986).  Further 
research  is  needed  to  assess  the  effectiveness  of  these  techniques  in 
reducing  the  use  of  substances  following  treatment  for  alcohol, 
opioid,  and  tobacco  dependence. 

Motivation  Enhancing  Treatments 

Treatment  interventions  in  which  the  primary  purpose  is  to 
improve  or  bolster  motivation  for  continued  abstinence  can  take 
many  forms.  Many  drug-dependent  persons  enter  treatment  as  the 
result  of  some  form  of  pressure  from  friends,  employers,  family, 
medical  practitioners,  or  legal  agencies.  Sometimes  treatments  can 
be  designed  that  incorporate  these  sources  of  community  pressure 
and  support  for  abstinence.  The  present  Section  will  focus  on 
interventions  that  involve  social  support  from  professionsil  thera- 
pists, peers,  and  family. 

Social  support  strategies  designed  to  bolster  environmental  sup- 
port for  abstinence  include  enlistment  of  support  from  families  and 
existing  social  networks,  the  creation  of  new  primary  social  support 
such  as  self-help  groups  or  linkages  with  community  volunteers,  and 
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supportive  services  provided  by  professional  human  service  workers. 
Only  preliminary  systematic  research  has  been  conducted  utilizing 
such  interventions;  however,  the  approach  appears  of  similar 
applicability  and  utility  in  the  treatment  of  opioid,  alcohol,  and 
tobacco  dependence  (Ashery  1979;  Nurco  et  al.  1983;  Leach  1973; 
Madsen  1974;  Janis  and  Hoffman  1970). 

Professional  contact  is  a  specisil  kind  of  support  strategy  which  has 
been  used  in  drug  use  treatment.  Typically,  it  involves  ongoing 
contact  with  professionals  from  the  primary  treatment  program. 
This  approach  may  include  booster  sessions  of  individual  or  group 
counseling,  followup  phone  calls  or  letters  from  therapists,  or 
followup  visits  by  counselors  to  former  clients  in  the  community  to 
review  progress  and  problems.  Fitzgerald  and  Mulford  (1985)  found 
that  bimonthly  phone  calls  to  alcoholic  patients  by  an  alcohol 
counselor  did  not  affect  drinking  outcome.  Pokorny  and  others  (1973) 
found  that  weekly  group  therapy  sessions  following  60-day  inpatient 
treatment  for  alcoholism  produced  relapse  results  equivalent  to 
more  expensive  90-day  inpatient  treatment  with  no  followup, 
Colletti  and  Supnick  (1980)  foimd  that  weekly  contact  with  thera- 
pists during  the  first  month  following  treatment  for  smoking 
resulted  in  better  smoking  outcomes  at  6  months  than  when  subjects 
received  no  aftercare,  though  these  differences  were  not  maintained 
at  12-month  followup.  Chapter  VII  describes  additional  analogous 
strategies  used  to  treat  tobacco  dependence. 

Family  support  is  a  potentially  cost-effective  and  long-lasting  form 
of  motivation  enhancement.  The  potential  importance  of  family 
support  is  emphasized  by  the  correlation  between  stable  family 
environment  and  good  treatment  outcomes  previously  discussed.  In 
recognition  of  this  relationship,  self-help  groups  to  assist  family 
members  of  addicts  and  alcoholics  have  proliferated  since  the  early 
1970s.  They  include  Alcoholics  Anonymous  (AA),  Narcotics  Anony- 
mous (NA),  and  Families  Anon5Tnous  groups  for  families  coping  with 
alcoholism  and  drug  abuse  (Ashery  1979;  Brown  and  Ashery  1979), 
and  service-agency-based  aftercare  groups  for  families  (Dunlop, 
Skorney,  Hamilton  1982).  Agenda  which  have  also  focused  on 
broader  informal  social  networks  have  also  arisen  (Collins  and 
Pancoast  1976;  Gottlieb  1981;  Speck  and  Attneave  1973;  Whittaker 
and  Garbarino  1983).  A  study  by  Stanton,  Todd,  and  Steier  (1979) 
provides  support  for  the  benefits  of  involving  the  families  of  opioid 
users  in  treatment.  They  found  that  in  families  of  opioid  users  which 
received  structured  family  therapy,  there  were  more  days  free  of  the 
use  of  opioids,  nonopioid  illegal  drugs,  and  alcohol  than  for  opioid 
users  whose  families  did  not  receive  such  treatments.  While  not 
reporting  drug  use  outcomes,  others  have  enlisted  family  members 
and  close  friends  of  drug  dependent  persons  as  supportive  sponsors 
in  drug  treatment  programs  (Sorensen  and  Gibson  1983;  Callan, 
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Garrison,  Zerger  1975).  Such  networks  are  being  increasingly 
developed  in  recent  years  to  help  tobacco  dependent  persons 
(Chapter  VII;  see  also  Schwartz  1987). 

Peer  support  constitutes  a  potentially  powerful  motivation-en- 
hancing approach.  A  difficulty  of  peer  support  is  that  it  often 
involves  estabUshing  a  new  peer  group  for  the  drug  dependent 
person  if  his  or  her  current  peer  group  continues  to  support  drug  use. 
Self-help  groups  such  as  AA  and  NA,  for  example,  provide  former 
substance  abusers  with  a  new  social  support  network  of  individuals 
in  like  circumstances  (Ashery  1979;  Nurco  et  al.  1983),  Descriptive 
foUowup  studies  of  non-probability  samples  of  AA  members  have 
suggested  that  AA  is  an  effective  approach  for  assisting  some 
recovering  alcoholics  to  maintain  their  sobriety  (Leach  1973;  Madsen 
1974;  Maxwell  1962).  Several  studies  of  the  effectiveness  of  residen- 
tial AA  programs  have  also  found  better  outcomes  associated  with 
participation  (Alford  1980;  Smith  1984, 1985).  However,  these  studies 
have  either  failed  to  utilize  control  groups  or  utilized  "matched" 
comparison  groups  that  differ  on  pretreatment  criteria  which  may 
influence  outcome.  Thus,  these  studies  do  not  provide  conclusive 
efficacy  data. 

A  few  studies  have  attempted  to  create  or  enhance  existing  peer 
social  support,  with  mixed  results.  For  example,  a  volunteer  sponsor 
program  for  "skid-row"  alcoholics  was  described  by  Fagan  (1986),  in 
which  sponsor  groups  from  churches  were  assigned  alcoholics  in  a 
rehabilitation  program.  This  program  was  not  evaluated  in  a 
controlled  manner.  Janis  and  Hoffman  (1970)  investigated  the  effects 
of  a  self-help  social  support  intervention  on  relapse  following 
smoking  cessation  treatment.  Clients  paired  in  a  high-partner-con- 
tact condition  (daily  calls  for  5  weeks)  were  more  successful  in 
maintaining  abstinence  at  1-  and  10-year  foUowups  than  were  clients 
in  low-contact  or  control  conditions.  The  critical  dimension  appeared 
to  be  quality  of  peer  support. 

Conclusions 

1.  The  pharmacologic  and  behavioral  processes  that  determine 
tobacco  addiction  are  similar  to  those  that  determine  addiction 
to  drugs  such  as  heroin  and  cocaine. 

2.  Environmental  factors  including  drug-associated  stimuli  and 
social  pressure  axe  important  influences  of  initiation,  patterns 
of  use,  quitting,  and  relapse  to  use  of  opioids,  alcohol,  nicotine, 
and  other  addicting  drugs. 

3.  Many  persons  dependent  upon  opioids,  alcohol,  nicotine,  or 
other  drugs  are  able  to  give  up  their  drug  use  outside  the 
context  of  treatment  programs;  other  persons,  however,  re- 
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quire  the  assistance  of  formal  cessation  programs  to  achieve 
lasting  drug  abstinence. 

4.  Relapse  to  drug  use  often  occurs  among  persons  who  have 
achieved  abstinence  from  opioids,  alcohol,  nicotine,  or  other 
drugs. 

5.  Behavioral  and  pharmacologic  intervention  techniques  with 
demonstrated  efficacy  are  available  for  the  treatment  of 
addiction  to  opioids,  alcohol,  nicotine,  and  other  drugs. 


335 


References 

ABBOT,  M.W.,  GREGSON,  A.M.  Genitive  dysfunction  in  the  prediction  of  relapse  in 

alcoholics.  Journal  of  Studies  on  Alcohol  42:1-18,  1981. 

ABOOD,  L.G.  Mechanisms  of  tolerance  and  dependence:  An  overview.  In:  Sharp,  C.W. 
(ed.)  Mechanisms  of  Tolerance  and  Dependence,  NIDA  Research  Monograph  54. 
U.S.  Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol, 
Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug 
Abuse.  DHHS  Publication  No.  (ADM)  84-1330,  1984,  pp.  4-11. 

ADLER,  M.W.,  GELLER,  E.B.  Contributions  of  neuropharmacology  to  understanding 
mechanisms  of  tolerance  and  dependence.  In:  Sharp,  C.W.  (ed.)  Mechanisms  of 
Tolerance  and  Dependence,  NIDA  Research  Monograph  54.  U.S.  Department  of 
Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publica- 
tion No.  (ADM)  84-1330,  1984,  pp.  27-38. 

ADLER,  I.,  KANDEL,  D.B.  Cross-cultural  perspectives  on  developmentsd  stages  in 
adolescent  drug  use.  Journal  of  Studies  on  Alcohol  42(9):701-715,  September  1981. 

AHLES,  T.A.,  SCHLUNDT,  D.G.,  PRUE,  D.M.,  RYCHTARIK,  R.G.  Impact  of 
aftercare  arrangements  on  the  maintenance  of  treatment  success  in  abusive 
drinkers.  Addictive  Behaviors  8:53-58,  1983. 

ALFORD,  G.S.  Alcoholics  Anon3anous:  An  empirical  outcome  study.  Addictive 
Behaviors  5:359-370,  1980. 

ALLEN,  M.H.,  FRANCES,  R.J.  Varieties  of  psychopathology  found  in  patients  with 
addictive  disorders:  A  review.  In:  Meyer,  R.E.  (ed.)  Psychopathology  and  Addictive 
Disorders.  New  York:  Guilford  Press,  1986,  pp.  17-38. 

AMERICAN  HOSPITAL  FORMULARY  SERVICES.  Drug  Information.  Miscella- 
neous Autonomic  Drugs:  Nicotine  Polacrilex.  Bethesda,  Maryland:  American 
Society  of  Hospital  Pharmaceuticals,  1987,  pp.  657-662. 

AMERICAN  MEDICAL  ASSCXHATION.  AMA  Drug  Evaluations.  Chicago:  American 
Medical  Association,  1983. 

AMERICAN  PSYCHIATRIC  ASSOCIATION.  Diagnostic  and  Statistical  Manual  of 
Mental  Disorders,  Third  Edition  (DSM-III).  Washington,  D.C.:  American  Psychiat- 
ric Association,  1980,  pp.  159-160,  176-178. 

AMERICAN  PSYCHIATRIC  ASSOCIATION.  Dio^raosfic  and  Statistical  Manual  of 
Mental  Disorders,  Third  Edition  (revised).  Washington,  D.C.:  American  Psychiatric 
Association,  1987. 

AMERICAN  SOCIETY  FOR  CLINICAL  PHARMACOLOGY  AND  THERAPEUTICS. 

Pharmacologic  Implications  of  Urine  Screening  for  Illicit  Substances  of  Abuse. 

Norristown,  Pennsylvania:  American  Society  for  Clinical  Pharmacology  and 

Therapeutics,  in  press. 
ANDO,  K.,  YANAGITA,  T.  Cigarette  smoking  in  rhesus  monkeys.  Psychopharmacolo- 

gy  72(2):117-127,  January  1981. 
ANGLIN,  M.D.,  BRECHT,  M.L.,  WOODWARD,  J. A.,  BONETT,  D.G.  An  empirical 

study  of  maturing  out:  Conditional  factors.  International  Journal  of  the  Addictions 

21(2):233-246,  1986. 

ARMOR,  D.J.,  POLICH,  J.M.,  STAMBUL,  H.B.  Alcoholism  and  Treatment.  Santa 

Monica,  California:  Rand,  June  1976. 
ARMSTRONG-JONES,  R.  Tobacco,  its  use  and  abuse:  From  the  nervous  and  mental 

aspect.  Practitioner  118:6-19,  1927. 
ARY,  D.V.,  LICHTENSTEIN,  E.,  SEVERSON,  H.H.  Smokeless  tobacco  use  among 

male  adolescents:  Patterns,  correlates,  predictors,  and  the  use  of  other  drugs. 

Preventive  Medicine  16:385-401,  1987. 


336 


ASHERY,  R.S.  Self-help  groups  serving  drug  abusers.  In:  Brown,  B.S.  {eA)  Addicts  and 

Aftercare:  Community  Integration  of  the  Former  Drug  User,  Volume  3.  Beverly 

Hills:  Ss«e  Publications,  1979,  pp.  135-154. 
ASHLEY,  M.J.,  OLIN,  J.S.,  LE  RICHE,  W.H.,  KORNACZEWSKI,  A.,  SCHMIDT,  W., 

RANKING,  J.G.  "Continuous"  and  "intermittent"  alcoholics:  A  comparison  of 

demographic,  sociological,  and  physical  disease  characteristics  in  relation  to  the 

pattern  of  drinking.  Addictive  Diseases  2(2):515-532,  1976. 
AUSTIN,  G.A.  Perspectives  on  the  History  of  Psychoactive  Substance  Use,  NIDA 

Research  Monograph  24.  U.S.  Department  of  Health,  Education,  and  Welfare, 

Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 

National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-810,  1979. 
BABOR,  T.F.,  MENDELSON,  J.H.,  GREENBERG,  I.,  KUEHNLE,  J.C.  Marijuana 

consumption  and  tolerance  to  physiolc^c  and  subjective  effects.  Archives  of 

General  Psychiatry  32(12): 1548-1552,  December  1975. 
BAER,  P.E.,  FOREYT,  J.P.,  WRIGHT,  S.  Self-directed  termination  of  excessive 

cigarette  use  among  untreated  smokers.  Journal  of  Behavior  Therapy  and 

Experimental  Psychiatry  8(l):71-74,  1977. 
BALDESSARINI,  R.J.  Drugs  and  the  treatment  of  psychiatric  disorders.  In:  Goodman, 

L.S.,  Oilman,  A.,  Rail,  T.W.,  Murad,  P.  (eds.)  Goodman  and  Gilman's  The 

Pharmacological  Basis  of  Therapeutics.  New  York:  MacMillan,  1980,  pp.  391-447. 
BALE,  R.N.,  VAN  STONE,  W.W.,  KULDAU,  J.M.,  ENGELSING,  T.M.J.,  ELASHOFF, 

R.M.,  ZARCONE,  V.P.  Therapeutic  communities  vs  methadone  maintenance. 

Archives  of  General  Psychiatry  37(2):179-193,  February  1980. 
BALSTER,  R.L.,  HARRIS,  L.S.  Drugs  as  reinforcers  in  animals  and  humans. 

Federation  Proceedings  41(2):209-210,  February  1982. 
BARDO,  M.T.,  NEISEWANDER,  J.L.  Single-trial  conditioned  place  preference  using 

intravenous  morphine.  Pharmacology  Biochemistry  and  Behavior  25:1101-1105, 

1986. 

BARNETT,  G.,  TRSIC,  M.,  WILLETTE,  R.E.  (eds.)  Quantitative  Structure  Activity 
Relationships  of  Analgesics,  Narcotic  Antagonists,  and  Hallucinogens,  NIDA 
Research  Monograph  22.  U.S.  Department  of  Health,  Education,  and  Welfare, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  78-729,  1978. 

BEARDSLEY,  P.M.,  BALSTER,  R.L.,  HARRIS,  L.S.  Dependence  on  tetrahydrocanna- 
binol in  rhesus  monkeys.  Journal  of  Pharmacology  and  Experimental  Therapeutics 
239(2):311-319,  1986. 

BEECHER,  H.K.  Measurement  of  Subjective  Responses.  Quantitative  Effects  of  Drugs. 
New  York:  Oxford  University  Press,  1959. 

BEGLEITER,  H.,  PORJESZ,  B.,  BIHARI,  B.,  KISSIN,  B.  Event-related  brain 
potentials  in  boys  at  risk  for  alcoholism.  Science  225:1493-1496,  1984. 

BEILASCX),  J.A.  The  criterion  question  revisited.  British  Journal  of  Addiction 
66(l):39-44,  June  1971. 

BELL,  C.S.,  BATTJES,  R.  (eds.)  Prevention  Research:  Deterring  Drug  Abuse  Among 
Children  and  Adolescents,  NIDA  Research  Monograph  63.  U.S.  Department  of 
Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publica- 
tion No.  (ADM)  85-1334,  1985. 

BELL,  D.S.  Drug  addiction.  In:  Hershey,  M.H.  (ed.)  Dri^g  Abuse  Law  Review-1971. 
Albany,  New  York:  Sage  Hill  Publishers,  Inc.,  1971. 

BENOWITZ,  N.L.  The  use  of  biologic  fluid  samples  in  assessing  tobacco  smoke 
consumption.  In:  Grabowski,  J.,  Bell,  C.S.  (eds.)  Measurement  in  the  Analysis  and 
Treatment  of  Smoking  Behavior,  NIDA  Research  Monc^raph  48.  U.S.  Department 


337 


of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publica- 
tion No.  (ADM)  83-1285,  1983,  pp.  6-26. 

BENOWITZ,  N.L.,  HALL,  S.M.,  HERNING,  R.L,  JACOB,  P.  HI,  JONES,  R.T., 
OSMAN,  A.-L.  Smokers  of  low-yield  cigarettes  do  not  consume  less  nicotine.  New 
England  Journal  of  Medicine  309(3):134-142,  July  21,  1983. 

BENZER,  D.,  CUSHMAN,  P.  Jr.  Alcohol  and  benzodiazepines:  Withdrawal  syn- 
dromes. Alcoholism:  Clinical  and  Experimental  Research  4(3):243-247,  July  1980. 

BERRIDGE,  V.  Morbid  cravings:  The  emergence  of  addiction^  British  Journal  of 
Addiction  80:233-243,  1985. 

BICKEL,  W.K.,  STITZER,  M.L:,  LIEBSON,  LA.,  BIGELOW,  G.E.  Acute  physical 
dependence  in  man:  Effects  of  naloxone  after  brief  morphine  exposure.  Journal  of 
Pharmacology  and  Experimental  Therapeutics  244(1):126-132,  1988. 

BIGELOW,  G.E.,  GRIFFITHS,  R.R.,  LIEBSON,  LA.  Experimental  models  for  the 
modification  of  human  drug  self-administraition:  Methodological  developments  in 
the  study  of  ethanol  self-administration  by  aicolasA\e&.  Federation  Proceedings 
34:1785-1792,  1975. 

BIGELOW,  G.E.,  STITZER,  M.L.,  GRIFFITHS,  R.R.,  LIEBSON,  LA.  Contingency 
management  appoaches  to  drug  self-administration  and  drug  abuse:  Efficacy  and 
limitations.  Addictive  Behaviors  6:241-252,  1981. 

BIGELOW,  G.E.,  STITZER,  M.L.,  LIEBSON,  LA.  The  role  of  behavioral  contingency 
management  in  drug  abuse  treatment.  In:  Grabowski,  J.,  Stitzer,  M.L.,  Henning- 
field,  J.E.  (eds.)  Behavioral  Intervention  Techniques  in  Drug  Abuse  Treatment, 
NIDA  Research  Monograph  46.  U.S.  Department  of  Health  and  Human  Services, 
Public  Health  Ser^ce,  Alcohol,  Drug  Abuse,  and  Mental  Health  Admiiustration, 
National  Institute  on  Drug  Abuse.  DHI^S  Publication  No.  (ADM)  84-1282, 1984,  pp. 
36-52. 

BIGELOW,  G.E.,  STITZER,  M.L.,  LIEBSON,  LA.  Substance  abuse.  In:  Hersen,  M.  (ed.) 

Pharmacological  and  Behavioral  Treatment:  An  Integrative  Approach.  New  York: 

John  Wiley  and  Sons,  1985,  pp.  289-311. 
BILLINGS,  A.G.,  MOOS,  R.H.  Stressful  life  events  and  symptoms:  A  longitudinal 

model.  Health  Psychology  1:99-117,  1982a. 
BILLINGS,  A.G.,  MOOS,  R.H.  Social  support  and  functioning  among  community  and 

clinical  groups:  A  panel  model.  Journal  of  Behavioral  Medicine  5:295-311,  1982b. 
BLAINE,  J.D.,  JULIUS,  D.A.  (eds.)  Psychodynamics  of  Drug  Dependence,  NIDA 

Research  Monograph  12.  U.S.  Department  of  Health,  Education,  and  Welfare, 

Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 

National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  77-470,  May 

1977. 

BLASIG,  J.,  HERZ,  A.,  REINHOLD,  K.,  ZIEGLGANSBERGER,  S.  Development  of 
physical  dependence  on  morphine  in  respect  to  time  and  dosage  and  quantification 
of  the  precipitated  withdrawal  syndrome  in  rats.  Psychopharmacologia  33(l):19-38, 
1973. 

BLOOM,  B.L.  Stressful  life  event  theory  and  research:  Implications  for  primary 
prevention.  National  Institute  of  Mental  Health.  NIMH  Publication  No.  (ADM)  85- 
1385,  1985. 

BOLAND,  F.J.,  MELLOR,  C.S.,  REVUSKY,  S.  Chemical  aversion  treatment  of 
alcoholism:  Lithium  as  the  aversive  agent.  Behaviour  Research  and  Therapy 
16(6):401-409,  1978. 

BORLAND,  B.L.,  RUDOLPH,  J.P.  Relative  effects  of  low  socio-economic  status, 
parental  smoking  and  poor  scholastic  performance  on  smoking  among  high  school 
students.  Social  Science  and  Medicine  9{l):27-30,  January  1975. 


338 


BOUTON,  M.E.,  SWARTZENTRUBER,  D.  Analysis  of  the  associative  and  occasion- 
setting  properties  of  contexts  participating  in  a  Pavlovian  discrimination.  Journal 
of  Experimental  Psychology:  Animal  Behavior  Processes  12(4):333-350,  1986. 

BOZARTH,  M.A.  Conditioned  place  preference:  A  parametric  analysis  using  systemic 
heroin  injections.  In:  Bozarth,  M.A  (ed.)  Methods  of  Assessing  the  Reinforcing 
Properties  of  Abused  Drugs.  New  York:  Springer- Verlag,  1987a,  pp.  241-273. 

BOZARTH,  M.A.  (ed.)  Methods  of  Assessing  the  Reinforcing  Properties  of  Abused 
Drugs.  New  York:  Springer-Verlag,  1987b. 

BOZARTH,  M.A.,  WISE,  R.A.  Intracranial  self-administration  of  morphine  into  the 
ventral  t^mental  area  in  rats.  Life  Sciences  28(5):551-555,  1981. 

BRADLEY,  B.P.,  GOSSOP,  M.,  PHILLIPS,  G.T.,  LEGARDA,  J.J.  The  development  of 
an  Opiate  Withdrawal  Scale  (OWS).  British  Journal  of  Addiction  82:1139-1142, 
1987. 

BRADY,  J.V.,  LUKAS,  S.E.  (eds.)  Testing  Dntgs  for  Physical  Dependence  Potential  and 
Abuse  Liability,  NIDA  Research  Monograph  52.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 

84-1332,  1984. 

BRANDON,  T.H.,  TIFFANY,  S.T.,  BAKER,  T.B.  The  process  of  smoking  relapse.  In: 
Tims,  F.M.,  Leukefeld,  C.G.  (eds.)  Relapse  and  Recovery  in  Drug  Abuse,  NIDA 
Research  Monograph  72.  U.S.  Department  of  Health  and  Human  Services,  Public 
Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  Nation- 
al Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  86-1473,  1986,  pp. 
104-107. 

BREGHER,  E.M.  Licit  and  Illicit  Drugs.  Boston:  Little,  Brown  and  Company,  1972. 

BRILL,  L.  Rehabilitation  in  Drug  Addiction:  A  Report  on  a  Five-Year  Community 
Experiment  of  the  New  York  Demonstmtion  Center,  Mental  Health  Monograph  No. 
3.  PHS  Publication  No.  1013,  Public  Heialfh  Service,  1963. 

BROMET,  E.,  MOOS,  R.H.  Environmental  resources  and  the  posttreatment  function- 
ing of  alcoholic  patients.  Journal  of  Health  and  Social  Behavior  18:326-338, 1977. 

BROWN,  B.B.  Recognition  of  aspects  of  consciousness  through  association  with  EEG 
alpha  activity  represented  by  a  l^ht  signal.  Psychophysiology  6(4):442-452, 
January  1970. 

BROWN,  B.S.,  ASHERY,  R.S,  Aftercare  in  drug  abuse  programming.  In:  Handbook  on 
Drug  Abuse.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  1979,  pp.  165-173. 

BROWN,  B.S.,  MILLS,  A.R.  (eds.)  Youth  at  High  Risk  for  Substance  Abuse.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  PubUcation  No.  (ADM)  87-1537,  1987. 

BROWNELL,  K.D.,  GLYNN,  T.J.,  GLASGOW,  R.,  LANDO,  H.,  RAND,  C,  GOTT- 
LIEB, A.,  PINNEY,  J.M.  Task  force  5:  Interventions  to  prevent  relapse.  Health 
Psychology  5(Supplement):53-68,  1986. 

BROWNELL,  K.D.,  MARLATT,  G.A.,  LICHTENSTEIN,  E.,  WILSON,  G.T.  Under- 
standing and  preventing  relapse.  American  Psychologist  41(7):765-782,  July  1986. 

BRUUN,  K.  Outcome  of  different  types  of  treatment  of  alcoholics.  Quarterly  Journal 
of  Studies  on  Alcohol  24(2):280-288,  June  1963. 

BURTON,  G.,  KAPLAN,  H.  Marriage  counseling  with  alcoholics  and  their  spouses:  II. 
.  The  correlations  of  excessive  drinking  behavior  with  family  pathology  and  social 
deterioration.  British  Journal  of  .  Addictions  63:161-170,  1968. 


339 


CAHALAN,  D.  Problem  Drinkers:  A  National  Survey.  San  Francisco:  Jossey-Bass, 
1970. 

CALLAN,  D.,  GARRISON,  J.,  ZERGER,  F.  Working  with  the  famiUes  and  social 
networks  of  drug  abusers.  Journal  of  Psychedelic  Drugs  7(1): 19-25,  1975. 

CALLNER,  D.A.  The  assessment  and  training  of  assertive  behavior  in  a  drug  addict 
population.  In:  Cannon,  D.  (chair)  Social  Skills  Training  in  a  Drug  Rehabilitation 
Program.  Sjmaposium  presented  at  the  meeting  of  the  American  Psychological 
Association,  Montreal,  1973. 

CALLNER,  D.A.,  ROSS,  S.M.  The  assessment  and  training  of  assertive  skills  with 
drug  addicts:  A  preliminary  study.  The  International  Journal  of  the  Addictions 
12(2):227-239,  1978. 

CAMPBELL,  LA.  Predictive  factors  for  smoking  withdrawal  in  patients.  In:  Forbes, 
W.F.,  Frecker,  R.C.,  Nostbakken,  D.  (eds.)  Proceedings  of  the  Fifth  World 
Conference  on  Smoking  and  Health.  Winnipeg,  Canada:  Canadian  Council  on 
Smoking  and  Health,  1983,  pp.  165-169. 

CARNATHAN,  G.,  MEYER,  R.E.,  COCHIN,  J.  Narcotic  blockade,  length  of  addiction, 
and  persistence  of  intravenous  morphine  self-administration  in  rats.  Psychophar- 
macology  54:67-71,  1977. 

CARNEY,  J.M.  Effects  of  caffeine,  theophylline  and  theobromine  on  scheduled 
controlled  responding  in  rats.  British  Journal  of  Pharmacology  75:451-454,  1982. 

CARPENTER,  J.  Effects  of  alcohol  on  some  psychological  processes.  Quarterly  Journal 
of  Studies  on  Alcohol  23:274-314,  1962. 

CARROLL,  M.E.,  LAC,  S.T.  Cocaine  withdrawal  produces  behavioral  disruptions  in 
rats.  Life  Sciences  40:2183-2190,  1987. 

CATALANO,  R.F.,  HAWKINS,  J.D.  Project  skiUs:  Preliminary  results  from  a 
theoretically  based  aftercare  experiment.  In:  Ashery,  R.S.  (ed.)  Progress  in  the 
Development  of  Cost-Effective  Treatment  for  Drug  Abusers,  NIDA  Research 
Monograph  58.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHHS  Publication  No  85-1401,  1985,  pp.  157-181. 

CATALANO,  R.F.,  WELLS,  E.A.,  HOWARD,  M.O.,  HAWKINS,  J.D.  Social  Support 
Services  in  Treatment  of  Drug  Abusers:  What,  Why,  When,  NIDA  Research 
Monograph.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse,  in  press. 

CHATT,  L.D.,  GRIFFITHS,  R.R.  Effects  of  caffeine  on  cigarette  smoking  and  subjective 
response.  Clinical  Pharmacology  and  Therapuetics  34(5):612-622,  November  1983. 

CHAIT,  L.D.,  UHLENHUTH,  E.H.,  JOHANSON,  C.E.  An  experimental  paradigm  for 
stud3ring  the  discriminative  stimulus  properties  of  dru^  in  humans.  Psychophar- 
macology  82(3):272-274,  1984. 

CHAIT,  L.D.,  UHLENHUTH,  E.H.,  JOHANSON,  C.E.  The  discriminative  stimulus 
and  subjective  effects  of  d-amphetamine  in  humans.  Psychophamuicology 
86:307-312,  1985. 

CHANEY,  E.F.,  O'LEARY,  M.R.,  MARLATT,  G.A.  Skill  training  with  alcoholics. 

Journal  of  Consulting  and  Clinical  Psychology  46(5):1092-1104,  1978. 
CHANEY,  E.F.,  ROSZELL,  D.,  CUMMINGS,  C.  Relapse  in  opiate  addicts:  A 

behavioral  analysis.  Addictive  Behaviors  7:291-297,  1982. 
CHARLESWORTH,  E.A.,  DEMPSEY,  G.  Trait  anxiety  reductions  in  a  substance 

abuse  population  trained  in  stress  management.  Journal  of  Clinical  Psychology 

38(4):764-768,  1982. 


340 


CHARNEY,  D.S.,  STERNBERG,  D.E.,  KLEBER,  H.D.,  HENINGER,  G.R.,  RED- 
MOND, E.  Jr.  The  clinical  use  of  clonidine  in  abrupt  withdrawal  from  methadone. 
Archives  of  General  Psychiatry  38(11):1273-1277,  November  1981. 

CHEEK,  F.E.,  TOMARCHIO,  T.,  STANDEN,  J.,  ALBAHARY,  R.S.  Methadone  plus— 
A  behavior  modification  training  program  in  self-control  for  addicts  on  methadone 
maintenance.  International  Journal  of  the  Addictions  8:969-996,  1973. 

CHEREK,  D.R.  Schedule-induced  cigarette  self-administration.  Pharmacology  Bio- 
chemistry and  Behavior  17:523-527,  1982. 

CHILDRESS,  A.R.,  McLELLAN,  A.T.,  EHRMAN,  R.,  O'BRIEN,  CP.  Classically 
conditioned  responses  in  opioid  and  cocaine  dependence:  A  role  in  relapse?  In:  Ray, 
B.  (ed.)  Learning  Factors  in  Substance  Use,  NIDA  Research  Monograph.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institue  on  Drug  Abuse,  in 
press. 

CHILDRESS,  A.R.,  McLELLAN,  A.T.,  O'BRIEN,  CP.  Nature  and  incidence  of 
conditioned  responses  in  a  methadone  population:  A  comparison  of  laboratory, 
clinic,  and  naturalistic  settings.  In:  Harris,  L.S.  (ed.)  Problems  of  Drug  Dependence, 
1985,  NIDA  Research  Monograph  67.  U.S.  Department  of  Health  and  Human 
Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
86-1393,  1986a,  pp.  202-210. 

CHILDRESS,  A.R.,  McLELLAN,  A.T.,  O'BRIEN,  CP.  Role  of  conditioning  factors  in 
the  development  of  drug  dependence.  Psychiatric  Clinics  of  North  America 
9:413-425,  1986b. 

CHRISTEN,  A.G.,  GLOVER,  E.D.  History  of  smokeless  tobacco  use  in  the  United 

States.  Health  Education  18(3):6-13,  June-July  1987. 
CLAYTON,  R.R.  Multiple  drug  use.  Epidemiology,  correlates,  and  consequences.  In: 

Galanter,  M.  (ed.)  Recent  Developments  in  Alcoholism,  Volume  4.  New  York: 

Plenum  Press,  1986. 

CLAYTON,  R.R.,  RITTER,  C.  The  epidemiology  of  alcohol  and  drug  abuse  among 
adolescents.  Advances  in  Alcoholism  and  Substance  Abuse  4(3/4):69-97,  Spring- 
Summer  1985. 

COCHIN,  J.  Possible  mechanisms  in  development  of  tolerance.  Federation  Proceedings 

29(l):19-27,  January-February  1970. 
COHEN,  M.,  LIEBSON,  I.A.,  FAILLACE,  L.A.  The  modification  of  drinking  of  chronic 

alcoholics.  In:  Mello,  N.K.  and  Mendelson,  J.H.  (eds.)  Recent  Advances  in  Studies  of 

Alcoholism.  NIMH  Publication  No.  (HSM)  71-9045,  1971,  pp.  745-766. 
COLLETTI,  G.,  SUPNICK,  J.A.  Continued  therapist  contact  as  a  maintenance 

strategy  for  smoking  reduction.  Journal  of  Consulting  and  Clinical  Psychology 

48(5):665-667,  1980. 

COLLINS,  A.H.,  PANCOAST,  D.L,  Natural  Helping  Networks:  A  Strategy  for 

Prevention.  Washington,  DC:  National  Association  of  Social  Workers,  1976,  p.  55. 
COLPAERT,  F.C  Drug  discrimination:  Behavioral,  pharmacological,  and  molecular 

mechanisms  of  discriminative  drug  effects.  In:  Goldberg,  S.R.,  Stolerman,  LP.  (eds.) 

Behavioral  Analysis  of  Drug  Dependence.  Orlando:  Academic  Press,  1986,  pp. 

161-193. 

COLPAERT,  F.C,  ROSECRANS,  J.A.  (eds.)  Stimulus  Properties  of  Drugs:  Ten  Years  of 
Progress.  Amsterdam:  Elsevier/North-Holland,  1978. 

CONE,  E.J.,  JOHNSON,  R.E.,  MOORE,  J.D.,  ROACHE,  J.D.  Acute  effects  of  smoking 
marijuana  on  hormones,  subjective  effects  and  performance  in  male  hunian 
subjects.  Pharmacology  Biochemistry  and  Behavior  24:1749-1754,  1986. 


341 


CONNOLLY,  G.N.,  BLUM,  A.,  RICHARDS,  J.W.  Smoke  screen  around  oral  snuff. 

(Letter.)  Lancet  :160,  July  1987. 
CONNOLLY,  G.N.,  WINN,  D.M.,  HECHT,  S.S.,  HENNINGFIELD,  J.E.,  WALKER,  B. 

Jr.,  HOFFMAN,  D.  The  reemergence  of  smokeless  tobacco.  New  England  Journal 

of  Medicine  314(16):1020-1027,  April  17,  1986. 
COOPER.  J  R.,  ALTMAN,  F.,  BROWN,  B.S.,  CZECHOWICZ,  D.  Research  on  the 

Treatment  of  Narcotic  Addiction:  State  of  the  Art,  NIDA  Treatment  Research 

Monograph  Series.  U.S.  Deparment  of  Health  and  Human  Services,  Public  Health 

Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 

Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  83-1281,  1983. 
COPPOTELLI,  H.C.,  ORLEANS,  C.T.  Partner  support  and  other  determinants  of 

smoking  cessation  maintenance  among  women.  Journal  of  Consulting  and  Clinical 

Psychology  53(4):455-460,  August  1985. 
COWAN,  A.,  LEWIS,  J.W.,  MACFARLANE,  I.R.  Agonist  and  antagonist  properties  of 

buprenorphine,  a  new  antinociceptive  agent.  British  Journal  of  Pharmacology 

60(4):537-545,  August  1977. 
CRANDALL,  L.A.  Jr.,  LEAKE,  CD.,  LOEVENHART,  A.S.,  MUEHLBERGER,  C.W. 

Acquired  tolerance  to  and  cross  tolerance  between  the  nitrous  and  nitric  acid 

esters  and  sodium  nitrate  in  man.  Journal  of  Pharmacology  and  Experimental 

r/igra/>eMiics  41(1):103-119,  1931. 
CRONKITE,  R.C.,  MOOS,  R.H.  Determinants  of  posttreatment  functioning  of 

alcoholic  patients:  A  conceptual  framework.  Journal  of  Consulting  and  Clinical 

Psychology  48:305-316,  1980.  . 
CROWLEY,  T.J.,  RHINE,  M.W.  The  substance  use  disorders.  In:  Simons,  R.C.  (ed.) 

Understanding  Human  Behavior  in  Health  and  Illness.  Baltimore:  Williams  and 

WilMns,  1985,  pp.  730-746. 
CUMMINGS,  J.R.,  GORDON,  J.,  MARLATT,  G.A.  Relapse:  Prevention  and  predic- 
tion. In:  Miller,  W.R.  (ed.)  The  Addictive  Behaviors  Treatment  of  Alcoholism,  Drug 

Abuse,  Smoking,  and  Obesity.  Oxford:  Pergamon,  1980,  pp.  291-321. 
CURRY,  S.G.,  MARLATT,  G.A.  Unaided  quitters'  strategies  for  coping  with  tempta- 
tions to  smoke.  In:  Shiffman,  S.,  Wills,  T.A.  (eds.)  Coping  and  Substance  Abuse. 

Orlando:  Academic  Press,  1985,  pp.  243-265. 
CUSHNY,  A.R.A  Textbook  of  Pharmacology  and  Therapeutics  or  the  Action  ofDn^ 

in  Health  and  Disease.  Philadelphia:  Lea  Brothers  and  Co.,  1899. 
DAVIS,  R.M.  Current  trends  in  cigarette  advertising  and  marketing.  New  England 

Journal  of  Medicine  316(12):725-732,  March  19,  1987. 
DAVIS,  W.M.,  SMITH,  S.G.  Role  of  conditioned  reinforcers  in  the  initiation, 

maintenance  and  extinction  of  drug  seeking  behavior.  Pavlovian  Journal  of 

Biological  Science  ll(4):222-236,  October-December  1976. 
DE  LEON,  G.  The  therapeutic  conmiunity:  Status  and  evolution.  International 

Journal  of  the  Addictions  20(6  and  7):823-844,  1985. 
DE  LEON,  G.,  WEXLER,  H.K.,  JAINCHILL,  N.  The  therapeutic  community:  Success 

and  improvement  rates  5  years  after  treatment.  International  Journal  of  the 

Addictions  17(4):703-747,  1982. 
DELL  ORTO,  A.E.  The  role  and  resources  of  the  family  during  the  drug  rehabilitation 

process.  Journal  of  Psychedelic  Drugs  6:436-445,  1974. 
DENEAU,  G.A,i  Preclinical  assessment  of  the  physiological  dependence  capacity  of 

depressant  drugs.  In:  Thompson,  T.,  Unna,  K.R.  (eds.)  Predicting  Dependence 

Liability  of  Stimulant  and  Depressant  Drugs.  Baltimore:  University  Park  Press, 

1977,  pp.  29-33. 

DENEAU,  G.A.,  INOKI,  R.  Nicotine  self-administration  in  monkeys.  Annals  of  New 
York  Academy  of  Science  142:277-279,  1967. 


342 


DENEAU,  G.A.,  WEISS,  S.  A  substitution  technique  for  determining  barbiturate-like 

physiological  dependence  capacity  in  the  dog.  Pharmakopsyehiatrie  Nmro-Psycho- 
pharmakologie  1:270-275,  1968. 

DENEAU,  G.,  YANAGITA,  T.,  SEEVERS,  M.H.  Self-administration  of  psychoactive 
substances  by  the  monkey.  A  measure  of  psychological  dependence.  Paychopharma- 
cologia  16:30-48,  1969. 

DEWEY,  W.L.  Various  factors  which  affect  the  rate  of  development  of  tolerance  and 
physical  dependence  to  abused  drugs.  In:  Sharp,  C.W.  (ed.)  Mechanisms  of 
Tolerance  and  Dependence,  NIDA  Research  Monograph  54.  U.S.  Department  of 
Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publica- 
tion No.  (ADM)  84-1330,  1984,  pp.  39-49. 

DE  WIT,  H.,  UHLENHUTH,  E.H.,  PIERRI,  J.,  JOHANSON,  C.E.  Individual  differ- 
ences in  behavioral  and  subjective  responses  to  alcohol.  Alcoholism  (New  York) 
ll(l):52-59,  February  1987. 

DEWS,  P.B.,  WENGER,  G.R.  Rate-dependency  of  the  behavioral  effects  of  amphet- 
amine. In:  Thompson,  T.,  Dews,  P.B.  (eds.)  Advances  in  Behavioral  Pharmacology, 
Volume  1.  New  York:  Academic  Press,  1977,  pp.  167-227. 

DICLEMENTE,  C,  PROCHASKA,  J.  Self-Change  and  Therapy  Change  in  the 
Successful  Cessation  of  Smoking  Behavior.  Paper  presented  at  the  Annual  Meeting 
of  the  Rocky  Mountain  Psychological  Association,  Las  V^as,  April  1979. 

DIXON,  W.E.,  LEE,  W.E.  Tolerance  to  nicotine.  Quarterly  Journal  of  Experimental 
Physiology  (London)  5:373-383,  1912. 

DOMINO,  E.F.  Neuropsychopharmacoiogy  of  nicotine  and  tobacco  smoking.  In:  Dunn, 
W.L.  Jr.  (ed.)  Smoking  Behavior:  Motives  and  Incentives.  Washington,  D.C.:  V.H. 
Winston  and  Sons,  1973,  pp.  5-31. 

DOMINO,  E.F.  Neuropsychopharmacoiogy  of  nicotine  and  tobacco  smoking.  Psycho- 
pharmacology  Bulletin  19:398-401,  1978. 

DONOVAN,  D.M.,  KIVLAHAN,  D.R.,  WALKER,  R.D.  Clinical  limitations  of  neuro- 
psychological testing  in  predicting  treatment  outcome  among  alcoholics.  Alcohol- 
ism 8:470-475,  1984. 

DOWNS,  A.W.,  EDDY,  N.B.  The  effect  of  repeated  doses  of  cocaine  on  the  rat.  Journal 
of  Pharmacology  and  Experimental  Therapeutics  46:199-200,  1932. 

DOWNS,  D.A.,  WOODS,  J.H.  Codeine-  and  cocaine-reinforced  responding  in  rhesus 
monkeys:  Effects  of  dose  on  response  rates  under  a  fixed-ratio  schedule.  Journal  of 
Pharmacology  and  Experimental  Therapeutics  191(1):179-188,  1974. 

DREISBACH,  R.H.,  PFEIFFER,  C.  Caffeine-withdrawal  headache.  Journal  of  Labora- 
tory and  Clinical  Medicine  28(8):1212-1219,  May  1943. 

DRUG  ABUSE  POLICY  OFFICE.  1984  National  Strategy  for  Prevention  of  Drug 
Abuse  and  Drug  Trafficking.  Drug  Abuse  Policy  Office,  Office  of  Policy  Develop- 
ment, The  White  House,  1984. 

DUM,  J.,  BLASIG,  J.,  HERZ,  A.  Buprenorphine:  Demonstration  of  physical  depen- 
dence liability.  European  Journal  of  Pharmacology  70(3):293-300,  March  26, 1981. 

DUNLOP,  J.,  SKORNEY,  B.,  HAMILTON,  J.  Group  Treatment  for  Elderly  Alcoholics 
and  Their  Families.  Vancouver:  Washington,  Haworth,  1982. 

DUPONT,  R.I.,  GOLDSTEIN,  A.,  O'DONNELL,  J.,  BROWN,  B.  (eds.)  Handbook  on 
Drug  Abuse.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse,  Office  of  Drug  Abuse  Policy,  Executive  Office  of  the 
President,  1979. 


343 


E3ASTMAN,  C,  NORRIS,  H.  Alcohol  dependence,  relapse  and  self-identity.  Journal  of 

Studies  on  Alcohol  43(11):1214-1231,  1982. 
EDDY,  N.B.  The  National  Research  Council  Involvement  in  the  Opiate  Problem:  1928- 

IQ'tl.  Washington,  D.C.:  National  Academy  of  Sciences,  1973. 
EDDY,  N.B.,  DOWNS,  A.W.  Tolerance  and  cross-tolerance  in  the  human  subject  to  the 

diuretic  effect  of  caffeine,  theobromine,  and  theophyline.  Journal  of  Pharmacology 

and  Experimental  Therapeutics  33:167-174,  1928. 
EDWARDS,  G.,  ORFORD,  J.,  EGERT,  S.,  GUTHRIE,  S.,  HAWKER,  A.,  HENSMAN, 

C,  MITCHESON,  M.,  OPPENHEIMER,  E.,  TAYLOR,  C.  Alcoholism:  A  controlled 

trial  of  "treatment"  and  "advice."  Journal  of  Studies  on  Alcohol  38(5): 1004-1031, 

1977. 

EIKELBOOM,  R.,  STEWART,  J.  Conditioned  temperature  effects  using  morphine  as 

the  unconditioned  stimulus.  Psychopharmacology  61:31-38,  1979. 
EISINGER,  R.A.  Psfychosocial  predictors  of  smoking  recidivism.  Journal  of  Health 

and  Social  Behavior  12:355-362,  1971. 
ELLIOTT,  C.H.,  DENNEY,  D.R.  A  multiple-component  treatment  approach  to 

smoking  reduction.  Jowma/  of  Consulting  and  Clinical  Psychology  46(6):1330-1339, 

1978. 

EMRICK,  CD.  A  review  of  psychologically  oriented  treatment  of  alcoholism.  I.  The 
use  and  interrelationships  of  outcome  criteria  and  drinking  behavior  following 
treatment.  Quarterly  Journal  of  Studies  on  Alcohol  35(2):523-549,  June  1974. 

EIMRICK,  CD.  A  review  of  psychologically  oriented  treatment  of  alcoholism.  II.  The 
relative  effectiveness  of  different  treatment  approaches  and  the  effectiveness  of 
treatment  versus  no  treatment.  Journal  of  Studies  on  Alcohol  36:88-108,  1975. 

ERBEN,  R.  P^chological  determinants:  Their  importance  in  smoking  cessation 
interventions.  In:  Steinfeld,  J.,  Griffiths,  W.,  Ball,  K.,  Taylor,  R.M.  (eds.)  Health 
Consequences,  Education,  Cessation  Activities,  and  Governmental  Action,  Volume 
n.  Proceedings  of  the  Third  World  Conference  on  Smoking  and  Health.  U.S. 
Department  of  Health,  Education,  and  Welfare.  DHEW  Publication  No.  (NIH)  77- 
1413,  1977,  pp.  593-602. 

ERICKSON,  L.M.,  TIFFANY,  S.T.,  MARTIN,  E.M.,  BAKER,  T.B.  Aversive  smoking 
therapies:  A  conditioning  analysis  of  therapeutic  effectiveness.  Behaviour  Re- 
search and  Therapy  21(6):595-611,  1983. 

ESRNSTER,  V.L.  Mixed  messages  for  women.  A  social  history  of  cigarette  smoking  and 
advertising.  New  York  State  Journal  of  Medicine  85(7):335-340,  July  1985. 

ERNSTER,  V.L.  Advertising  of  smokeless  tobacco  products.  Health  Implications  of 
Smokeless  Tobacco  Use.  NIH  Consensus  Development  Conference,  January  13-15, 
1986,  Program  and  Abstracts.  Bethesda,  Maryland:  National  Institutes  of  Health, 
1986,  pp.  44^7. 

ETRINGER,  B.D.,  GREGORY,  V.R.,  LANDO,  H.A.  Influence  of  group  cohesion  on  the 
behavioral  treatment  of  smoking.  Journal  of  Consulting  and  Clinical  Psychology 
52(6):1080-1086,  1984. 

FAGAN,  R.W.  The  use  of  volunteer  sponsors  in  the  rehabilitation  of  skid-row 
alcoholics.  Journal  of  Drug  Issues  16(3):321-337,  1986. 

FALK,  J.L.  Drug  dependence:  Mjrth  or  motive?  Pharmacology  Biochemistry  and 
BeAauibr  19:385-391,  1983. 

FALK,  J.L.,  SAMSON,  H.H.,  WINGER,  G.  Behavioral  maintenance  of  high  concentra- 
tions of  blood  ethanol  and  physical  dependence  in  the  rat.  Science 
177(4051):811-813,  September  1,  1972. 

FETT,  M.D.  Problems  peculiar  to  patients  of  low  socioeconomic  status.  In:  Gitlow,  S.E., 


344 


Peyser,  H.S.  (eds.)  Alcoholism:  A  Practical  Treatment  Guide.  New  York:  Griine  and 
Stratton,  1980. 

FINNEY,  J.W.,  MOOS,  R.H.,  MEWBORN,  C.R.  Posttreatment  experiences  and 
treatment  outcome  of  alcoholic  patients  six  months  and  two  years  after  hospitali- 
zation. Journal  of  Consulting  and  Clinical  Psychology  48(1): 17-29,  1980. 

FIORE,  M.  NOVOTNY,  T.,  LYNN,  W.,  MAKLAN,  D.,  DAVIS,  R.  Smoking  Cessation: 
Data  from  the  1986  Adult  Use  of  Tobacco  Survey.  Proceedings  of  the  6th  World 
Conference  on  Smoking  and  Health,  November  9-12,  1987.  In  press. 

FISCHMAN,  M.W.,  SCHUSTER,  C.R.  Drug  seeking:  A  behavioral  analysis  in  animals 
and  humans.  In:  Krasnegor,  N.A.  (ed.)  Self-administration  of  Abuse  Substances: 
Methods  for  Study,  NIDA  Research  Monograph  20.  U.S.  Department  of  Health, 
Education,  and  Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental 
Health  Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publicatiofi  No. 
(ADM)  78-727,  1978,  pp.  4-23. 

FISCHMAN,  M.W.,  SCHUSTER,  C.R.  Cocaine  self-administration  in  humans.  Federa- 
tion Proceeding  41(2):241-246,  February  1982. 

FISCHMAN,  M.W.,  SCHUSTER,  C.R.,  RESNEKOV,  L.,  SHICK,  J.F.E.,  KRASNE- 
GOR, N.A.,  FENNELL,  W.,  FREEDMAN,  D.X.  Cardiovascular  and  subjective 
effects  of  intravenous  cocaine  administration  in  humans.  Archives  of  General 
Psychiatry  33:983-989,  August  1976. 

FISHER,  E.B.  Jr.  A  skeptical  perspective:  The  importance  of  behavior  and  environ- 
ment. In:  Holroyd,  K.A.,  Creer,  T.L.  (eds.)  Self-Management  of  Chronic  Disease: 
Handbook  of  Clinical  Interventions  and  Research.  New  York:  Academic  Press, 
1986,  pp.  541-565. 

FISHER,  E.B.  Jr.,  BISHOP,  D.B.,  GOLDMUNTZ,  J.,  JACOBS,  A.  Implications  for  the 

practicing   physician  of  the   psychosocial   dimensions   of  smoking.  Chest 

93(Supplement):69s-78s,  1988. 
FITZGERALD,  J.L.,  MULFORD,  H.A.  An  experimental  test  of  telephone  aftercare 

contacts  with  alcoholics.  Journal  of  Studies  on  Alcohol  46(5):418-424,  1985. 
FOOD  AND  DRUG  ADMINISTRATION.  Federal  Food,  Drug  and  Cosmetic  Act^  as 

Amended  and  Related  Laws.  U.S.  Departmrat  of  Health  and  Human  Services. 

DHHS  Publication  No.  86-1051,  1987. 
FORD,  R.D.,  McMillan,  D.E.  Federation  Proceedings  31:506,  1972. 
FORT,  J.P.  Heroin  addiction  among  young  men.  In:  O'Donnell,  J.,  Biall,  J.C.  (eds.) 

Narcotic  Addiction.  New  York:  Harper  and  Row,  1966. 
FOX,  v.,  SMITH,  M.A.  Evaluation  of  a  chemopsychotherapeutic  program  for  the 

rehabilitaion  of  alcoholics.  Quarterly  Journal  of  Studies  on  Alcohol  17:25-35, 1970. 
FOXX,  R.M.,  BROWN,  R.A.  Nicotine  fading  and  self-monitoring  for  cigarette 

abstinence  or  controlled  smoking.  Journal  of  Applied  Behavior  Analysis 

12(1):111-125,  1979. 

FOY,  D.W.,  NUNN,  L.B.,  RYCHTARIK,  R.G.  Broad-spectrum  behavioral  treatment 

for  chronic  alcoholics:  Effects  of  training  controlled  drinking  skills.  Journal  of 

Consulting  and  Clinical  Psychology  52:218-280,  1984. 
ERASER,  H.F.  Tolerance  to  and  physical  dependence  on  opiates,  barbiturates,  and 

alcohol.  Annual  Review  of  Medicine  8:427-440,  1957. 
ERASER,  H.F.,  ISBELL,  H.  Human  pharmacology  and  addiction  liabilities  of 

phenazocine  and  levophenacylmorphan.  Bulletin  of  Narcotics  12:15-23,  April-June 

1960. 

FRASER,  H.F.,  VAN  HORN,  G.D.,  MARTIN,  W.R.,  WOLBACH,  A.B.,  ISBELL,  H. 
Methods  for  evaluating  addiction  liability.  (A)  "Attitude"  of  opiate  addicts  toward 

opiate-iike  drugs,  (B)  A  short-term  "direct"  addiction  test.  Journal  of  Pkarmacolo- 
gy  and  Experimental  Therapeutics  133:371-387,  1961. 


345 


FREED,  E.X.,  CARPENTER,  J.A.,  HYMOWITZ,  N.  Acquisition  and  extinction  of 

schedule-induced  polydipsic  consumption  of  alcohol  and  water.  Psychological 

Reports  26:915-922,  1970. 
FUDALA,  P.J.,  IWAMOTO,  E.T.  Conditioned  aversion  after  delay  place  conditiomng 

with  nicotine.  Psychopharmacology  92(3):376-381,  July  1987. 
FUDALA,  PJ.,  TEOH,  K.W.,  IWAMOTO,  E.T.  Pharmacologic  characterization  of 

nicotine-induced  conditioned  place  preference.  Pharmacology  Biochemistry  and 

Behavior  22:237-241,  1985. 
FULLER,  R.K.,  ROTH,  H.P.  Disulfiram  for  the  treatment  of  alcoholism:  An 

evaluation  in  128  men.  Annals  of  Internal  Medicine  90:901-904,  1979. 
GAWIN,  F.H.,  KLEBER,  H.D.  Cocaine  abuse  treatment:  Open  pilot  trail  with 

desipramine  and  lithium  carbonate.  Archives  of  General  Psychiatry  41:903-909, 

1984. 

GILBERT,  R.M.  Caffeine  as  a  drug  of  abuse.  In:  Gibbins,  R.J.,  Isreal,  Y.,  Kalant,  H., 
Popham,  R.E.,  Schmidt,  W.,  Smart,  R.G.  (eds.)  Research  Advances  in  Alcohol  and 
Drug  Problems,  Volume  3.  New  York:  John  Wiley  and  Sons,  1976,  pp.  49-176. 

OILMAN,  A.G.,  GOODMAN,  L.S.,  RALL,  T.W.,  MURAD,  F.  (eds.)  Goodman  and 
Gilman's  The  Pharmacological  Basis  of  Therapeutics.  New  York:  MacMillan,  1985. 

GINZBURG,  H.M.  Naltrexone:  Its  clinical  utility.  Advances  in  Alcohol  and  Substance 
Abuse  5(l-2):83-101,  1986. 

GLASSMAN,  A.H.,  JACKSON,  W.K.,  WALSH,  B.T.,  ROOSE,  S.P.,  ROSENFELD,  B. 
Cigarette  craving,  smoking  withdrawal,  and  clonidine.  Science  226:864-866,  1984. 

GLASSMAN,  A.H.,  STETNER,  P.,  WALSH,  B.T.,  RAIZMAN.  P.S.,  FLEISS,  J.L., 
COOPER,  T.B.,  COVEY,  L.S.  Heavy  smokers,  smoking  cessation,  and  clonidine: 
Results  of  a  double-blind,  randomized  trial.  Journal  of  the  American  Medical 
Association  259(19):2863-2866,  May  20,  1988. 

GLOVER.  E.D.,  EDMUNDSON,  E.W.,  EDWARDS,  S.W.,  SCHROEDER,  K.L.  Implica- 
tions of  smokeless  tobacco  use  among  athletes.  Physician  and  Sportsmedicine 
14(12):94-105,  1986. 

GOLDBERG,  L.  Quantitative  studies  on  alcohol  tolerance  in  man:  The  influence  of 
ethyl  alcohol  on  sensory,  motor,  and  psychological  functions  referred  to  blood 
alcohol  in  normal  and  habituated  individuals.  Acta  Physiologica  Scandinavica 
5(16,  Supplement):l-128,  1943. 

GOLDBERG,  L.,  HOFFMEISTER,  F.  (eds.)  Psychic  Dependence.  Definition,  Assessment 
in  Animals  and  Man.  Theoretical  and  Clinical  Implications.  Berlin:  Springer- 
Verlag,  1973. 

GOLDBERG,  S.R.  Relapse  to  opioid  dependence:  The  role  of  conditioning.  In:  Harris, 
R.T.,  Mclsaac,  W.M.,  Schuster,  C.R.  Jr.  (eds.)  Drug  Dependence.  Austin:  University 
of  Texas  Press,  1970,  pp.  170-196. 

GOLDBERG,  S.R.  Conditioned  behavioral  and  physiological  changes  associated  with 
injections  of  a  narcotic  antagonist  in  morphine  dependent  monkey.  Pavlovian 
Journal  of  Biological  Science  11(4):203-221,  October-December  1976a. 

GOLDBERG,  S.R.  The  behavioral  analysis  of  drug  addiction.  In:  Glick,  S.D„  Goldfarb, 
J.  (eds.)  Behavioral  Pharmcuxthgy.  Saint  Louis:  C.V.  Mosby  Company,  1976b,  pp. 
283-316. 

GOLDBERG,  S.R.,  HENNINGFIELD,  J.E.  Reinforcing  effects  of  nicotine  in  hiunans 

and  experimental  animals  responding  under  intermittent  schedules  of  IV  drug 
injection.  Pharmacology  Biochemistry  and  Behavior  30:227-234,  1988. 
GOLDBERG,  S.R.,  HOFFMEISTER,  F.,  SCHLICHTING,  U.U.,  WUTTKE,  W.  A 
comparison  of  pentobarbital  and  cocaine  self-administration  in  rhesus  monkeys: 
Effects  of  dose  and  fixed-ratio  parameter.  Journal  of  Pharmacology  and  Experi- 
mental Therapeutics  179(2):277-283,  1971. 


346 


GOLDBERG,  S.R.,  KELLEHER,  R.T.  Reinforcement  of  behavior  by  cocaine  injections. 
In:  Ellinwood,  E.H.  Jr.,  Kilbey,  M.M.  (eds.)  Cocaine  and  Other  Stimulants.  New 
York:  Plenum  Press,  1977,  pp.  523-544. 

GOLDBERG,  S.R.,  KELLEHER,  R.T.,  MORSE,  W.H.  Second-order  schedules  of  drug 
injection.  Federation  Proceedings  34(9):  1771-1776,  1975. 

GOLDBERG,  S.R.,  MORSE,  W.H.,  GOLDBERG,  D.M.  Behavior  maintained  under  a 
second-order  schedule  by  intramuscular  injection  of  morphine  or  cocaine  in  rhesus 
monkeys.  The  Journal  of  Pharmacology  and  Experimental  Therapeutics 
199(l):278-286,  1976. 

GOLDBERG,  S.R.,  SPEALMAN,  R.D.,  GOLDBERG,  D.M.  Persistent  behavior  at  high 
rates  maintained  by  intravenous  self-administration  of  nicotine.  Science 
214(4520):573-575,  October  30,  1981. 

GOLDBERG,  S.R.,  SPEALMAN,  R.D.,  KELLEHER,  R.T.  Enhancement  of  drug- 
seeking  behavior  by  environmental  stimuli  associated  with  cocaine  or  morphine 
injections.  Neuropharmacology  18:1015-1017,  1979. 

GOLDBERG,  S.R.,  SPEALMAN,  R.D.,  RISNER,  M.E.,  HENNINGFIELD,  J.E.  Control 
of  behavior  by  intravenous  nicotine  ii^jections  in  laboratory  animsds.  Pharmacolo- 
gy Biochemistry  and  Behavior  19(6): 101 1-1020,  December  1983. 

GOLDBERG,  S  R.,  SPEALMAN,  R.D.,  SHANNON,  H.E.  Psychotropic  effects  of 
opioids  and  opioid  antagonists.  In:  Hoffmeister,  F.,  Stille,  G.  (eds.)  Handbook  of 
Experimental  Pharmacology.  Berlin:  Springer-Verlag,  1981,  pp.  269-304. 

GOODWIN,  D.,  CRANE,  J.,  GUZE,  S.  Felons  who  drink— An  eight-year  follow-up. 
Quarterly  Journal  of  Studies  on  Alcohol  32:136-147,  1971. 

GOSSOP,  M.R.,  BRADLEY,  B.P.,  BREWIS,  R.K.  Amphetamine  withdrawal  and  fileep 
disturbance.  Drug  and  Alcohol  Dependence  10:177-183,  1982. 

GrOTTLIEB,  B.H.  Social  Support  Networks  and  Social  Support.  Beverly  Hills, 
California:  Sage,  1981. 

GOTESTAM,  K.G.,  MELIN,  L.  An  experimental  study  Of  covert  extinction  on  smoking 
cessation.  Addictive  Behaviors  8(1):27-31,  1983. 

GOUDIE,  A.J.,  DEMELLWEEK,  C.  Conditionu^  factors  in  drug  tolerance.  In: 
Goldberg,  S.R.,  Stolerman,  LP.  (eds.)  Behavioral  Analysis  of  Drug  Dependence. 
Orlando:  Academic  Press,  pp.  225-276,  1986. 

GRABOWSKI,  J.,  CHEREK,  D.  Conditioning  factors  in  opiate  dependence.  In:  Smith, 
Lane,  J.  (eds.)  TTie  Neurobiology  of  Opiate  Reward  Processes.  New  York:  Elsevier 
Biomedical  Press,  pp.  175-210,  1983. 

GRABOWSKI,  J.,  LASAGNA,  L.  Screening  for  drug  use:  Technical  and  social  aspects. 
hsues  in  Science  and  Technology  3(2):36-45,  Winter  1987. 

GRABOWSKI,  J.,  O'BRIEN,  CP.  Conditioning  factors  in  opiate  use.  In:  Mello,  N.K. 
(ed.)  Advances  in  Substance  Abuse:  Behavioral  and  Biological  Research.  Green- 
wich, Connecticut:  JAI  Press,  pp.  69-121,  1981. 

GRABOWSKI,  J.,  STITZER,  M.L.,  HENNINGFIELD,  J.E.  (eds.)  Behavioral  Interven- 
tion Techniques  in  Drug  Abuse  Treatment,  NIDA  Research  Monograph  46.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  Publication  No.  (ADM)  84-1282,  1984. 

GRAHAM,  S.,  GIBSON,  R.W.  Cessation  of  patterned  behavior:  Withdrawal  from 
smoking.  Social  Science  and  Medicine  5:319-337,  1971. 

GREDEN,  J.F.  Caffeinism  and  caffeine  withdrawal.  In:  Lowinson,  J.H.,  Ruiz,  P.  (eds.) 
Substance  Abuse.  Clinical  Problems  and  Perspectives.  Baltimore:  Williams  and 
Wilkins,  1981,  pp.  274-286. 

GREEN,  D.E.  Patterns  of  tobacco  use  in  the  United  States.  In:  Krasnegor,  N.A.  (ed.) 
Cigarette  Smoking  as  a  Dependence  Process,  NIDA  Research  Monograph  23.  U.S. 


347 


Department  of  Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol, 
Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug 
Abuse.  DHEW  Publication  No.  (ADM)  79-800,  1979,  pp.  44-55. 

GREGSON,  R.A.M.,  TAYLOR,  G.M.  Prediction  of  relapse  in  men  alcoholics.  Journal 
of  Studies  on  Alcohol  38:1749-1760,  1977. 

GRIFFITHS,  M.C.,  FLEEGER,  C.A.,  MILLER,  L.C.  (eds.)  USAN  and  the  USP 
Dictionary  of  Drug  Names.  Rockville,  Maryland:  United  States  Pharmacopeial 
Convention,  Inc.,  1986. 

GRIFFITHS,  R.R.,  BALSTER,  R.L.  Opioids:  Similarity  between  evaluations  of 
subjective  effects  and  animal  self-administration  results.  Clinical  Pharmacology 
and  Therapeutics  25(5,  Part  1):61 1-617,  May  1979. 

GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  HENNINGFIELD,  J.E.  Similarities  in  animal 
and  human  drug-taking  behavior.  In:  Melio,  N.K.  (ed.)  Advances  in  Substance 
Abuse,  Volume  1.  Greenwich,  Connecticut:  JAI  Press,  1980,  pp.  1-90. 

GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  LIEBSON,  I.  Human  drug  self-administration: 
Double-blind  comparison  of  pentobarbital,  diazepam,  chlorpromazine  and  placebo. 
Journal  of  Pharmacology  and  Experimental  Therapeutics.  210:301-310,  1979. 

GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  LIEBSON,  LA.  Human  coffee  drinking:  Reinforc- 
ing and  physical  dependence  producing  effects  of  caffeine.  Journal  of  Pharmacolo- 
gy and  Experimental  Therapeutics  239:416-425,  1986. 

GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  LIEBSON,  I.A.,  O'KEEFFE,  M.,  O'LEARY,  D., 
RUSS,  N.  Human  coffee  drinking:  Manipulation  of  concentration  and  caffeine 
dose.  Journal  of  the  Experimental  Analysis  of  Behavior  45(2): 133-148,  March  1986. 

GRIFFITHS,  R.R.,  BRADY,  J.V.,  SNELL,  J.D.  Progressive-ratio  performance  main- 
tained by  drug  infusions:  Comparison  of  cocaine,  diethylpropion,  chlorphenter- 
mine,  and  fenfluramine.  Psychopharmacology  56(1):5-13,  April  1978a. 

GRIFFITHS,  R.R..  BRADY,  J.V.,  SNELL,  J.D.  IRelationship  between  anorectic  and 
reinforcing  properties  of  appetite  suppressant  drugs:  Implications  for  assessment 
of  abuse  liability.  Biological  Psychiatry  13(2):283-290,  1978b. 

GRIFFITHS,  R.R.,  LAMB,  R.J.,  ATOR,  N.A.,  ROACHE,  J.D.,  BRADY,  J.V.  Relative 
abuse  liability  of  triazolam:  Experimental  assessment  in  animals  and  humans. 
Neuroscience  and  Biobehavioral  Reviews  9:133-151,  1985. 

GRIFFITHS,  R.R.,  LUKAS,  S.E.,  BRADFORD,  L.D.,  BRADY,  J.V.,  SNELL,  J.D.  Self- 
injection  of  barbiturates  and  benzodiazepines  in  baboons.  Psychopharmacology 
75(2):101-109,  November  1981. 

GRIFFITHS,  R.R.,  WINGER,  G.,  BRADY,  J.V.,  SNELL,  J.D.  Comparison  of  behavior 
maintained  by  infusions  of  eight  phenylethylamines  in  baboons.  Psychopharmacol- 
ogy 50(3):251-258,  1976. 

GRIFFITHS,  R.R.,  WOODSON,  P.P.  Caffeine  physical  dependence:  A  review  of  human 
and  laboratory  animal  studies.  Psychopharmacology  94:437-451,  1988a. 

GRIFFITHS,  R.R.,  WOODSON,  P.P.  Reinforcing  properties  of  caffeine:  Studies  in 
humans  and  laboratory  animals.  PharmacoU^  Biochemistry  and  Behavior 
29:419-427,  1988b. 

GRITZ,  E.  Smoking  behavior  and  tobacco  abuse.  In:  Mello,  N.K.  (ed.)  Advances  in 

Substance  Abuse,  Volume  1.  Greenwich,  Connecticut:  JAI  Press,  1980,  pp.  91-158. 
GUGGENHEIMER,  J.,  ZULLO,  T.G.,  VERBIN,  R.S.,  KRUPER,  D.C.  A  profile  of 

tobacco  use  by  teenage  boys.  Clinical  Preventive  Dentistry  9(2):5-8,  1987. 
GUNN,  R.C.  Reactions  to  withdrawal  symptoms  and  success  in  smoking  cessation 

clinics.  Addictive  Behaviors  11:49-53,  1986. 
HAEFELY,  W.  Biological  basis  of  drug-induced  tolerance,  rebound,  and  dependence, 

contribution   of   recent   research   on   benzodiazepines.  Pharmacopsychiatry 

19:353-361,  1986. 


348 


HAERTZEN,  C.A.  Development  of  scales  based  on  patterns  of  drug  effects,  using  the 
Addiction  Research  Center  Inventory  (ARCD.  Psychological  Reports  18:163-194, 
1966. 

HAERTZEN,  C.A.  An  Overview  of  Addiction  Research  Center  Inventory  Scales  (ARCI): 
An  Appendix  and  Manual  of  Scales.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 
74-92,  1974. 

HAERTZEN,  C.A.,  HICKEY,  J.E.  Addiction  Research  Center  Inventory  (ARCI): 
Measurement  of  euphoria  and  other  drug  effects.  In:  Bozarth,  M.A.  (ed.)  Methods  of 
Assessing  the  Reinforcing  Properties  of  Abused  Drugs.  New  York:  Springer  Verlag, 
1987,  pp.  489-524. 

HAERTZEN,  C.A.,  HILL,  H.E.,  BELLEVILLE,  R.E.  Development  of  the  Addiction 
Research  Center  Inventory  (ARCI):  Selection  of  items  that  are  sensitive  to  the 
effects  of  various  drugs.  Psychopharmacologia  4:155-166,  1963. 

HAERTZEN,  C.A.,  HOOKS,  N.T.  Jr.  Changes  in  personality  and  subjective  experience 
associated  with  the  chronic  administration  and  withdrawal  of  opiates.  Journal  of 
Nervous  and  Mental  Diseases  148:606-614,  1969. 

HAERTZEN,  C.A.,  HOOKS,  N.T.  Jr.,  ROSS,  F.E.  Liking  of  the  first  drug  experience:  A 
comparison  of  ten  drugs  in  opiate  addicts.  Psychological  Reports  48:647-668, 1981. 

HAERTZEN,  C.A.,  KOCHER,  T.R.,  MIYASATO,  K.  Reinforcements  from  the  first 
drug  experience  can  predict  later  drug  habits  and /or  addiction:  Results  with  coffee, 
cigarettes,  alcohol,  barbiturates,  minor  and  major  tranquilizers,  stimulants, 
marijuana,  hallucinogens,  heroin,  opiates  and  cocaine.  Drug  and  Alcohol  Depen- 
dence 11:147-165,  1983. 

HALL,  S.M.,  HERNING,  R.I.,  JONES,  R.T.,  BENOWITZ,  N.L.,  JACOB,  P.  III.  Blood 
cotinine  levels  as  indicators  of  smoking  outcome.  Clinical  Pharmacology  and 
Therapeutics  35(6):810-814,  June  1984. 

HALL,  S.M.,  RUGG,  D.,  TUNSTALL,  C,  JONES,  R.T.  Preventing  relapse  to  cigarette 
smoking  by  behavioral  skill  training.  Journal  of  Consulting  and  Clinical  Psycholo- 
gy 52(3):372-382,  1984. 

HALL,  S.M.,  TUNSTALL,  C,  RUGG,  D.,  JONES,  R.T.,  BENOWITZ,  N.L.  Nicotine 
gum  and  behavioral  treatment  in  smoking  cessation.  Journal  of  Consulting  and 
Clinical  Psychology  53(2):266-258,  April  1985. 

HANDELSMAN,  L.,  COCHRANE,  K.J.,  ARONSON,  M.J.,  NESS,  R.,  RUBINSTEIN, 
K.J.,  KANOF,  P.D.  Two  new  rating  scales  for  opiate  withdrawal  American 
Journal  of  Drug  and  Alcohol  Abuse  13(3):293-308,  1987. 

HARBIN,  H.T.,  MAZlfiRE,  H.M.  The  families  of  drug  abusers:  A  literature  review. 
Family  Process  14:411-431,  1975. 

HARRINGTON,  P.,  COX,  T.J.  A  twenty-year  follow-up  of  narcotic  addicts  in  Tucson, 
Arizona.  American  Journal  of  Drug  and  Alcohol  Abuse  6(l):25-37,  1979. 

HARRIS,  R.T.,  WATERS,  W.,  McLENDON,  D.  Evaluation  of  reinforcing  capabiUty  of 
delta-9-tetrahydrocannabinol  in  rhesus  monkeys.  Psychopharmacologia 
37(l):23-29,  1974. 

HATSUKAMI,  D.K.,  GUST,  S.W.,  KEENAN,  R.M.  Physiologic  and  subjective  changes 
from  smokeless  tobacco  withdrawal.  Clinical  Pharmacolt^  and  Therapeutics 

41:103-107,  1987. 

HATSUKAMI,  D.K.,  HUGHES,  J.R.,  PICKENS,  R.W.  Blood  nicotine,  smoke  exposure 

and  tobacco  withdrawal  symptoms.  Addictive  Behaviors  10:413-417,  1985. 
HATSUKAMI,  D.K.,  HUGHES,  J.R.,  PICKENS,  R.W.,  SVIKIS,  D.  Tobacco  withdraw- 


349 


al  symptoms:  An  experimental  aiialj^iis.  Psychopharmacology  84(2):231-236,  Octo- 
ber 1984. 

HATSUKAMI,  D.,  PICKENS,  R.W.,  SVIKIS,  D.  Post-treatment  depressive  symptoms 

and  relapse  to  drug  use  in  different  age  groups  of  an  alcohol  and  other  drug  abuse 

population.  Drug  and  Alcohol  Dependence  8:271-277,  1981. 
HAWKINS,  J.D.  Reintegrating  street  drug  abusers:  Community  roles  in  continuing 

care.  In:  Brown,  B.S.  (ed.)  Addicts  and  Aftercare:  Community  Integration  of  the 

Former  Drug  User.  Beverly  Hills,  California:  Sage,  1979. 
HAWKINS,  J.D.,  CATALANO,  R.F.  Aftercare  in  drug  abuse  treatment.  International 

Journal  of  the  Addictions  20(6  and  7):917-946,  1985. 
HAWKINS,  J.D.,  CATALANO,  R.F.  Jr.,  WELLS,  E.A.  Measuring  effects  of  a  skills 

training  intervention  for  drug  abusers.  Journal  of  Consulting  and  Clinical 

Psychology  54(5):661-664,  1986.  , 
HAWKINS,  J.D.,  FRASER,  M.W.  The  social  networks  of  drug  abusers  before  and  after 

treatment.  International  Journal  of  the  Addictions  22(4):343-355,  1987. 
HAWKINS,  J.D.,  LISHNER,  D.M.,  CATALANO,  R.F.  Jr.  Childhood  predictors  and  the 

prevention  of  adolescent  substance  abuse.  In:  Jones,  C.L.,  Battjes,  R.J.  (eds.) 

Etiology  of  Drug  Abuse:  Implications  for  Prevention,  NlDA  Research  Monograph 

56.  U.S.  Department  of  Health  and  Human  Services,  Public  Health  Service, 

Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on 

Drug  Abuse.  DHHS  Publication  No.  (ADM)  86-1335,  1986. 
HAWKS,  R.L.,  CHIANG,  C.N.  (eds.)  Urine  Testing  for  Drugs  of  Abuse,  NIDA  Research 

Monograph  73.  U.S.  Department  of  Health  emd  Human  Services,  Public  Health 

Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 

Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  87-1481,  1986. 
HEADLEE,  CP.,  COPPOCK,  H.W.,  NICHOLS,  J.R.  Apparatus  and  technique  involved 

in  a  laboratory  method  of  detecting  addictiveness  of  drugs.  Journal  of  the 

American  Pharmaceutical  Association  44:229-231,  1955. 
HEATHER,  N.,  ROLLNICK,  S.,  WINTON,  M.  A  comparison  of  objective  and 

subjective  measures  of  alcohol  dependence  as  predictors  of  relapse  following 

treatment.  British  Journal  of  Clinical  Psychology  22:11-17,  1983. 
HECHT,  E.  A  Retrospective  Study  of.  Successful  Quitters.  Paper  presented  at  the 

Annual  Meeting  of  the  American  Psycholc^cal  Association,  Toronto,  Canada, 

August  1978. 

HEILBRUN,  A.B.,  TARBOX,  A.R.  Genitive  and  behavioral  regulation  in  alcoholics: 
Implications  for  treatment  outcome.  British  Journal  of  Alcohol  and  Alcoholism 

13:65-73,  1978. 

HEJINIAN,  C.L.,  PITTEL,  In:  Can  Marriage  Survive  Addiction  and  Treatment? 
Presented  at  the  National  Drug  Abuse  Conference,  Seattle,  Washington,  April 

1978. 

HENNINGFIELD,  J.E.  Pharmacologic  basis  and  treatment  of  cigarette  smoking. 

Journal  of  Clinical  Psychiatry  45(12,  Section  2):24-34,  December  1984. 
HENNINGFIELD,  J.E.  Behavioral  pharmacology  of  cigarette  smoking.  In:  Thompson, 

T.,  Dews,  P.B.,  Barrett,  J.E.  (eds.)  Advances  in  Behavioral  Pharmacology,  Volume 

4.  Orlando:  Academic  Press,  1984,  pp.  131-210. 
HENNINGFIELD,  J.E.  Redefining  craving.  NIDA  Notes  2(1):9,  1987.- 
HENNINGFIELD,  J.E.,  BROWN,  B.S.  Do  replacement  therapies  treat  craving?  NIDA 

Notes  2(l):8-9,  1987. 

HENNINGFIELD,  J.E.,  CHAIT,  L.D.,  GRIFFITHS,  R.R.  Cigarette  smoking  and 
subjective  response  in  alcoholics:  Effects  of  pentobarbital.  Clinical  Pharmacology 
and  Therapeutics  33(6):806-812,  June  1983. 


350 


HENNINGFIELD,  J.E.,  CHAIT,  L.D.,  GRIFFITHS,  R.R.  Effects  of  ethanol  on 
cigarette  smoking  by  volunteers  without  histories  of  alcoholism.  Psychoparmacolo- 
gy  82:1-5,  1984. 

HENNINGFIELD,  J.E.,  GOLDBERG,  S.R.  Nicotine  as  a  reinforcer  in  human  subjects 
and  laboratory  aninials.  Pharmacology  Biochemistry  and  Behavior  19(6):989-992, 
1983a. 

HENNINGFIELD,  J.E.,  GOLDBERG,  S.R.  Gtontrol  of  behavior  by  intravenous  nicotine 
injections  in  human  subjects.  Pharmacology  Biochemistry  and  Behavior 
19(6):1021-1026,  December  1983b. 

HENNINGFIELD,  J.E.,  GOLDBERG,  S.R.  Stimulus  properties  of  nicotine  in  animals 
and  human  volunteers:  A  review.  In:  Seiden,  L.S.,  Balster,  R.L.  (eds.)  Behavior 
Pharmacology.  The  Current  Status.  New  York:  Alan  R.  Liss,  1985,  pp.  433-449. 

HENNINGFIELD,  J.E.,  JASINSKI,  D.R.  Pharmacologic  basis  for  nicotine  replace- 
ment. In:  Pomerleau,  O.F.,  Pomerleau,  C.S.,  Pagerstr5m,  K.O.,  Henningfield,  J.E., 
Hughes,  J.R.  (eds.)  Nicotine  Replacement:  A  Critical  Evaluation.  New  York:  Alan 
R.  Liss,  1988,  pp.  35-61. 

HENNINGFIELD,  J.E.,  JOHNSON,  R.E.,  JASINSKI,  D.R.  Chnicad  procedures  for  the 
assessment  of  abuse  potential.  In:  M.A.  Bozarth  (ed.)  Methods  of  Assessing  the 
Reinforcing  Properties  of  Drugs.  Berlin:  Springer-Verlag,  1987,  pp.  573-590. 

HENNINGFIELD,  J.E.,  LUKAS,  S.E.,  BIGELOW,  G.E.  Human  studies  of  drugs  as 
reinforcers.  In:  Goldberg,  S.R.,  Stolerman,  LP.  (eds.)  Behavioral  Analysis  of  Drug 
Dependence.  Orlando:  Academic  Press,  1986,  pp.  69-122. 

HENNINGFIELD,  J.E.,  MIYASATO,  K.,  JASINSKI,  D.R,  Cigarette  smokers  self- 
administer  intravenous  nicotine.  Pharmacology  Biochemistry  and  Behavior 
19(5):887-890,  November  1983. 

HENNINGFIELD,  J.E.,  MIYASATO,  K.,  JASINSKI,  D.R.  Abuse  liability  and 
pharmacodynamic  characteristics  of  intravenous  and  inhaled  nicotine.  Journal  of 
Pharmacology  and  Experimental  Therapeutics  234(1): 1-12,  1985. 

HENNINGFIELD,  J.E.,  MIYASATO,  K.,  JOHNSON,  R.E.,  JASINSKI,  D.R.  Rapid 
physiologic  effects  of  nicotine  in  humans  and  selective  blockade  of  behavioral 
effects  by  macamylamine.  In:  Harris,  L.S.  (ed.)  Problems  of  Drug  Dependence,  1982, 
NIDA  Research  Monograph  43.  U.S.  Department  of  Health  and  Human  Services, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse,  1983,  pp.  259-265. 

HENNINGFIELD,  J.E.,  NEMETH-COSLETT,  R.  Nicotine  dependence:  Interface 
between  tobacco  and  tobacco-related  disease.  Chest  93(Supplement):37s-55s,  1988. 

HENNINGFIELD,  J.E.,  NEMETH-COSLETT,  R.,  KATZ,  J.L.,  GOLDBERG,  S.R. 
Intravenous  cocaine  self-administration  by  human  volunteers:  Second  order 
schedules  of  reinforcement.  In:  Harris,  L.S.  (ed.)  Problems  of  Drug  Dependence, 
1986,  NIDA  Research  Monograph  76.  U.S.  Department  of  Health  and  Human 
Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse,  1987,  pp.  266-273. 

HESSELBROCK,  M.N.  Childhood  behavior  problems  and  adult  antisocial  personality 
disorder  in  alcoholism.  In:  Meyer,  R.E.  {ed.)  Psychopathology  and  Addictive 
Disorders.  New  York:  Guilford  Press,  1986,  pp.  78-94. 

HESSELBROCK,  M.,  BABOR,  T.F.,  HESSELBROCK,  V.,  MEYER,  R.E.,  WORKMAN, 
K.  "Never  believe  an  jdcoholic"?  On  the  validity  of  self-report  measures  of  alcohol 
dependence  and  related  constructs.  International  Journal  of  the  Addictions 
18(5):593-609,  1983. 

HESSELBROCK,  V.M.  Family  history  of  psychopathology  in  alcoholics:  A  review  and 
issues.  In:  Meyer,  R.E.  (ed.)  Psychopathology  and  Addictive  Disorders.  New  York: 
Guilford  Press,  1986,  pp.  41-56. 

HIGGINS,  S.T.,  PRESTON,  K.L.,  CONE,  E.J.,  HENNINGFIELD,  J.E.,  JAFFE,  J.H. 


351 


Behaviored,  physiological,  and  hormonal  effects  of  naloxone  challenge  following 
acute  morphine  pretreatment  in  humans.  In:  Harris,  L.S.  (ed.)  Problems  of  Drug 
Dependence,  NIDA  Research  Monograph  76.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  1987. 

HIGGINS,  S.T.,  STITZER,  M.L.  Acute  marijuana  effects  on  social  conversation. 
Psychopharmacology  89(2):234-238,  June  1986. 

HIMMELSBACH,  C.K.  The  morphine  abstinence  syndrome,  its  nature  and  treatment. 
Annals  of  Internal  Medicine  15(5):829-839,  November  1941. 

HIMMELSBACH,  C.K.,  ANDREWS,  H.L.  Studies  on  the  modification  of  the  morphine 
abstinence  syndrome  by  drugs.  Journal  of  Pharmacology  and  Experimental 
Therapeutics  77(l):17-23,  January  1943. 

HOFFMEISTER,  F.  Negative  reinforcing  properties  of  some  ps3rchotropic  drugs  in 
drug-naive  rhesus  monkeys.  Journal  of  Pharmacology  and  Experimental  Therapeu- 
tics 192(2):468-477,  February  1975. 

HOFFMEISTER,  F.,  GOLDBERG,  S.R.  A  comparison  of  chlorpromazine,  imipraniine, 
morphine,  and  d-amphetamine  self-administration  in  cocaine-dependent  rhesus 
monkeys.  Journal  of  Pharmacology  and  Experimental  Therapeutics  187(1):8-14, 
1973. 

HOFFMEISTER,  F.,  WUTTKE,  W.  Psychotropic  drugs  as  negative  reinforcers. 

Pharmacological  Reviews  27(3):419-428,  1976. 
HOFMANN,  A.  The  chemistry  of  LSD  and  its  modifications.  In:  Sankar,  S.  (ed.)  LSD— 

A  Total  Study.  Westbury,  New  York:  PJD  Publications  Ltd.,  1975,  pp.  107-139. 
HOLDER,  H.D.  (ed.)  Advances  in  Substance  Abuse:  Behavioral  and  Biological 

Research.  A  Research  Annual.  Control  Issues  in  Alcohol  Abuse  Prevention: 

Strategies  for  States  and  Communities.  Greenwich,  Connecticut:  JAI  Press,  1987. 
HORST,  K.,  BUXTON,  R.E.,  ROBINSON,  W.D.  The  effect  of  the  habitual  use  of  coffee 

or  decaffeinated  coffee  upon  blood  pressure  and  certain  motor  reactions  of  normal 

young  men.  Journal  of  Pharmacology  and  Experimental  TTierapeutics  52:322^-337, 

1934. 

HORWITZ,  M.B.,  HINDI-ALEXANDER,  M.,  WAGNER,  T.J.  Psychosocial  mediators 
of  abstinence,  relapse,  and  continued  smoking:  A  one-year  follow-up  of  a  minimal 
intervention.  Addictive  Behaviors  10:29-39,  1985. 

HRDINA,  P.D.,  HUTCHINSON,  L.J.,  LAPIERRE,  Y.D.,  PEREL,  J.M.,  REED,  K.L. 
Pharmacokinetics  of  psychotropic  drugs:  What  can  it  tell  us?  Pn^ress  in  Neuro- 
Psychopharmacological  and  Biological  Psychiatry  6:681-688,  1982. 

HUBA,  G. J.,  WINGARD,  J.A.,  BENTLER,  P.M.  A  comparison  of  two  latent  variable 
causal  models  for  adolescent  drug  use.  Journal  of  Personality  and  Social 
Psychology  40:180-193,  1981. 

HUBBARD,  R.L.,  MARSDEN,  M.E.  Relapse  to  use  of  heroin,  cocaine,  and  other  drugs 
in  the  first  year  after  treatment.  In:  Tims,  F.M.,  Leukefeld,  C.G.  (eds.)  Relapse  and 
Recovery  in  Drug  Abuse,  NIDA  Research  Monograph  72.  U.S.  Department  of 
Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Dn^  Abuse.  DHHS  Publica- 
tion No.  (ADM)  86-1473,  pp.  157-166,  1986. 

HUGHES,  J.R.,  GUST,  S.W.,  PECHACEK,  T.F.  Prevalence  of  tobacco  dependence  and 
withdrawal.  American  Journal  of  Psychiatry  144:205-208,  1987. 

HUGHES,  J.R.,  HATSUKAMI,  D.  Signs  and  symptoms  of  tobacco  withdrawal. 
Archives  of  General  Psychiatry  43(3):289-294,  March  1986. 

HULL,  J.G.,  YOUNG,  R.D.  The  self-awareness  reducing  effects  of  alcohol  consump- 
tion: E>vidence  and  implications.  In:  Suls,  J.,  Greenwald,  A.G.  (eds.)  Sodal 
Psychological  Perspectives  of  the  Self  (Volume  2).  Hillsdale,  New  JersBy.  Erlbaum, 
1983. 


352 


HUNT,  W.A.,  BARNETT,  L.W.,  BRANCH,  L.G.  Relapse  rates  in  addiction  programs. 

Journal  of  Clinical  Psychology  27(4):455-456,  October  1971. 
HUNT,  W.A.,  MATARAZZO,  J.D.  Three  years  later:  Recent  developments  in  the 

experimental  modification  of  smoking  behavior.  Journal  of  Abnormal  PsychoU^ 

81(2):107-114,  1973. 

IMBER,  S.,  SCHULTZ,  E.,  FUNDERBURK,  F.,  ALLEN,  R.,  FLAMER,  R.  The  fate  of 
the  untreated  alcoholic.  Journal  of  Nervous  and  Mental  Disease  162(4):2d8-247, 
1976. 

ISBELL,  H.  Methods  and  results  of  studying  experimentEil  human  addiction  to  the 
newer  synthetic  analgeisics.  Annals  of  the  New  York  Academy  of  Sciences 
51(1): 108-122,  1948. 

ISBELL,  H.,  ALTSCHUL,  S.,  KORNETSKY,  C.H.,  EISENMAN,  A.J.,  FLANARY, 

H.G.,  FRASER,  H.F.  Chronic  barbituate  intoxication:  An  experimental  study. 

A.M.A.  Archives  of  Neurology  and  Psychiatry.  U.S.  Department  of  Health, 

Education,  and  Welfare,  Public  Health  Service,  1950,  pp.  2-28. 
ISBELL,  H.,  BELLEVILLE,  R.E.,  FRASER,  H.F.,  WIKLER,  A.,  LOGAN,  C.R.  Studies 

on  lysergic  acid  diethylamide  {LSD-25).  1.  Effects  in  former  morphine  addicts  and 

the  development  of  tolerance  during  chronic  intoxication.  Archive  of  Neurology 

and  Psychiatry  (Chicago)  76:468-478,  1956. 
ISBELL,  H.,  FRASER,  H.F.,  WIKLER,  A.,  BELLEVILLE,  R.E.,  EISENMAN,  A.J.  An 

experimental  study  of  the  etiology  of  "rum  fits"  and  delirium  tremens.  Quarterly 

Journal  of  Studies  on  Alcohol  16:1-33,  1955. 
ISBELL,  H.,  VOGEL,  V.H.  Drug  addiction.  Merck  Manual  (Edition  8).  Rahway,  New 

Jersey:  Merck  and  Company,  1948. 
ITO,  J.R.,  DONOVAN,  D.  Aftercare  in  alcoholism  treatment:  A  review.  In:  Miller, 

W.R.,  Heather,  N.  (eds.)  Treating  Addictive  Behaviors:  Processes  of  Change.  New 

York:  Plenum  Press,  1987. 
IWAMOTO,  E.T.,  FUDALA,  P.J.,  MUNDY,  W.R.,  WILLIAMSON,  E.C.  Nicotine 

actions  in  models  of  learning/ memory  and  reward.  In:  Martin,  W.R.,  Van  Loon, 

G.  R.,  Iwamoto,  E.T.,  Davis,  L.  (eds.)  Tobacco  Smoking  and  Nicotine:  A  Neurobiologi- 
cal  Approach.  New  York:  Plenum  Press,  1987,  pp.  101-111. 

JAFFE,  J.H.  Drug  addiction  and  abuse.  In:  Goodman,  L.,  Oilman,  A.  (eds.)  The 

Pharmacological  Basis  of  Therapeutics,  3rd  Edition.  New  York:  Macmillan,  1965. 
JAFFE,  J.H.  Drug  addiction  and  abuse.  In:  Goodman,  L.,  Oilman,  A.  (eds.)  The 

Pharmacological  Basis  of  Therapeutics,  4th  Edition.  New  York:  Macmillan,  1970. 
JAFFE,  J.H.  Drug  addiction  and  drug  abuse.  In:  Goodman,  L.,  Gilman,  A.,  Koelle,  G., 

Oilman,  A.  Jr.  (eds.)  The  Pharmacolo^cal  Basis  of  Therapeutics,  5th  Edition.  New 

York:  MacMillan,  1975. 
JAFFE,  J.H.  Cigarette  smoking  as  an  addiction.  American  Lung  Association  Bulletin 

62(5):10-12,  May  1976. 
JAFFE,  J.H.  Drug  addiction  and  drug  abuse.  In:  Gilman,  A.G.,  Goodman,  L.S., 

Gilman,  A.  (eds.)  The  Pharmacological  Basis  of  Therapeutics,  6th  Edition.  New 

York:  Macmillan,  1980,  pp.  535-684. 
JAFFE,  J.H.  Drug  addiction  and  drug  abuse.  In:  Gilman,  A.G.,  Goodman,  L.S.,  ReiII, 

T.W.,  Murad,  F.  (eds.)  Goodman  and  Oilman's  The  Pharmacologic  Basis  of 

Therapeutics,  7th  Edition.  New  York:  MacMillan,  1985,  pp.  532-681. 
JAFFE,  J.H.  Opioids.  In:  Frances,  A.J.,  Hales,  R.E.  (eds.)  American  Psychiatric 

Association  Annual  Review,  Volume  5.  Washington,  D.C.:  American  Psychiatric 

Press,  Inc.,  9:137-159,  1986. 
JAFFE,  J.H.  Pharmacological  agents  in  treatment  of  drug  dependence.  In:  Meltzer, 

H.  Y.  (ed.)  Psychopharmacology:  The  Third  Generation  of  Progress.  New  York: 
Raven  Press,  1987. 


353 


JAFFE,  J.H.,  CIRAULO,  D.A.  Drugs  used  in  the  treatment  of  alcoholism.  In: 
Mendelson,  J.H.,  Mello,  N.K.  (eds.)  The  Diagnosis  and  Treatment  of  Alcoholism, 
Second  Edition.  New  York:  McGraw-Hill,  1985,  pp.  355-389. 

JAFFE,  J.H.,  CIRAULO,  D.A.  Alcoholism  and  depression.  In:  Meyer,  R.E.  (edO 
PsychopathoU^y  and  Addictive  Disorders.  New  York:  Guilford  Press,  1986,  pp. 
293-320. 

JAFFE,  J.H.,  CIRAULO,  D.,  NIES,  A.,  DIXON,  R.B.,  MONROE,  L.L.  Abuse  potential 
of  halazepam  and  of  diazepam  in  patients  recently  treated  for  acute  alcohol 
withdrawal.  Clinical  Pharmacology  and  Therapeutics  34(5):623-630,  November 
1983. 

JANIS,  LL.,  HOFFMAN,  D.  Facilitating  effects  of  daily  contact  between  partners  who 
make  a  decision  to  cut  down  on  smoking.  Journal  of  Personality  arid  Social 
Psychology  17:25-35,  1970. 

JARBE,  T.U.C,  SWEDBERG,  M.D.B.  Discriminative  stimulus  properties  of  drugs:  A 
brief  history  and  a  selective  review.  Scandinavian  Journal  of  Psychology  (Supple- 
ment l):72-78,  1982. 

JARVIK,  M.E.  Biological  influences  on  cigarette  smoking.  In:  Krasnegor,  N.A.  (ed.) 
The  Behavioral  Aspects  of  Smoking,  NIDA  Research  Monograph  26.  U.S.  Depart- 
ment of  Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse, 
1979,  pp.  8-45. 

JARVIK,  M.E.,  HENNINGFIELD,  J.E.  Pharmacological  treatment  of  tobacco  depen- 
dence. Pharmacology  Biochemistry  and  Behavior,  in  press. 

JASINSKI,  D.R.  Assessment  of  the  abuse  potentiality  of  morphine-like  drugs 
(methods  used  in  man).  In:  Martin,  W.R.  (ed.)  Drug  Addiction  I:  Morphine,  Sedative 
Hypnotic  and  Alcohol  Dependence.  Heidelberg,  West  Germany:  Springer-Verlag, 
1977,  pp.  197-258. 

JASINSKI,  D.R.  Opiate  withdrawal  syndrome:  Acute  and  protracted  aspects.  Annals 
of  the  New  York  Academy  of  Sciences  362:183-186,  1981. 

JASINSKI,  D.R.  Substance  abuse.  In:  Johns,  R.J.  (ed.)  Principles  and  Pmctice  of 
Medicine.  New  York:  Appleton-Century-Crofts,  in  press. 

JASINSKI,  D.R„  HENNINGFIELD,  J.E.  Conceptual  basis  of  replacement  therapies 
for  chemical  dependence.  In:  Pomerleau,  O.F.,  Pomerleau,  C.S.,  Fagerstrom,  K.O., 
Henningfield,  J.E.,  Hughes,  J.R.  (eds.)  Nicotine  Replacement:  A  Critical  Evalu- 
ation. New  York:  Alan  R.  Liss,  1988,  pp.  13-34. 

JASINSKI,  D.R.,  JOHNSON,  R.E.,  HENNINGFIELD,  J.E.  Abuse  liability  assessment 
in  human  subjects.  Trends  in  Pharmacological  Science  5:196-200,  May  1984. 

JASINSKI,  D.R.,  JOHNSON,  R.E.,  KOCHER,  T.R.  Clonidine  in  morphine  withdrawal: 
Differential  effects  on  signs  and  sjrmptoms.  Archives  of  General  Psychiatry 
42:106^-1066,  1985. 

JASINSKI,  D.R.,  NUTT,  J.G.  Progress  Report  on  the  Assessment  Program  of  the  NIMH 

Addiction  Research  Center.  U.S.  Department  of  Health,  Education,  and  Welfare, 

Public  Health  Service,  National  Institute  of  Mental  Health,  1972. 
JASINSKI,  D.R.,  NUTT,  J.G.,  GRIFFITH,  J.D.  Effects  of  diethylpropion  and  d- 

amphetamine  after  subcutaneous  and  oral  administration.  Clinical  Pharmacology 

and  Therapeutics  16(4):645-652,  October  1974. 
JASINSKI,  D.R.,  PEVNICK,  J.S.,  GRIFFITH,  J.D.  Human  pharmacology  and  abuse 

potential  of  the  analgesic  buprenorphine.  Archives  of  General  Psychiatry 

35:501-516,  April  1978. 
JOHANSON,  C.E.,  BALSTER,  R.L.,  BONESE,  K.  Self-administration  of  psychomotor 

stimulant  drugs:  The  effects  of  unlimited  access.  Pharmacology  Biochemistry  and 

Behavior  4:45-51,  1976. 


354 


JOHANSON,  C.E.,  SCHUSTER,  C.R.  Animal  models  of  drug  seltadministration.  In: 
Mello,  N.K.  (ed.)  Advances  in  Substance  Abuse:  Behavioral  and  Biological 
Research,  Volume  2.  Greenwich,  Connecticut:  JAI  Press,  1981,  pp,  219-297. 

JOHANSON,  C.E.,  UHLENHUTH,  E.H.  Drug  self-administration  in  humans.  In: 
Krasnegor,  NA.  (ed.)  Self-Administration  of  Abused  Substances:  Methods  for 
Study,  NIDA  Research  Monograph  20.  U.S.  Department  of  Health  and  Human 
Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
78-727,  1978,  pp.  68-85. 

JONES,  B.E.,  PRADA,  J.A.  Drug-seeking  behavior  during  methadone  maintenance. 
Psychopharmacologia  (Berlin)  41:7-10,  1976. 

JONES,  B.E.,  PRADA,  J.A.  Drug-seeking  behavior  in  the  dog:  Lack  of  effect  of  prior 
passive  dependence  on  morphine.  Drug  and  Alcohol  Dependence  2(4):287-294,  July 
1977. 

JONES,  B.E.,  PRADA,  J.A.,  MARTIN,  W.R.  A  method  for  bioassay  of  physical 
dependence  on  sedative  drugs  in  dog.  Psychopharmacology  47:7-15,  1976. 

JONES,  C.L.,  BATTJES,  R.J.  The  context  and  caveats  of  prevention  research  on  drug 
abuse.  In:  Jones,  C.L.,  Battjes,  R.J.  (eds.)  Etiology  of  Drug  Abuse:  Implications  for 
Prevention,  NIDA  Research  Monograph  56.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
86-1335,  1985,  pp.  1-12. 

JONES,  R.T.  The  pharmacology  of  cocaine.  In:  Grabowski,  J.  (ed.)  Cocaine:  Pharmacol- 
ogy, Effects  and  Treatment  of  Abuse,  NIDA  Research  Monograph  50.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  Publication  No.  (ADM)  84-1326,  1984,  pp.  34-53. 

JONES,  R.T.,  BENOWTTZ,  N.  The  30-day  trip— Clinical  studies  of  cannabis  tolerance 
and  dependence.  In:  Braude,  M.C.,  Szara,  S.  (eds.)  The  Pharmacology  of  Marihua- 
na. New  York:  Raven  Press,  1976,  pp.  627-642. 

JONES,  R.T.,  FARRELL,  T.R.,  HERNING,  R.L  Tobacco  smoking  and  nicotine 
tolerance.  In:  N.A.  Krasnegor  (edO  Self-Administration  of  Abused  Substances: 
Methods  for  Study,  NIDA  Research  Monograph  20.. U.S.  Department  of  Health, 
Education,  and  Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental 
Health  Administration,  National  Institute  on  Drug  Abuse.  DHEIW  Publication  No. 
(ADM)  78-727,  1978. 

JORQUEZ,  J.  The  retirement  phase  of  heroin  using  careers.  Journal  of  Drug  Issues 
13(3):343-365,  1983. 

JUDSON,  B.A.,  GOLDSTEIN,  A.  Episodes  of  heroin  use  during  maintenance 
treatment  with  stable  dosage  of  (-)-a-acetylmethadol  (methadyl  acetate,  LAAM). 
Drug  and  Alcohol  Dependence  11:271-278,  1983. 

KAIKO,  R.F.,  INTURRISI,  C.E.  Disposition  of  acetylmethadol  in  relation  to  pharma- 
cologic action.  Clinical  Pharmacology  and  Therapeutics  18(1):96-103,  July  1975. 

KALANT,  H.  Behavioral  criteria  for  tolerance  and  phjrsical  dependence.  In:  Pishman, 
J.  (ed.)  The  Bases  of  Addiction,  Berlin:  Dahlem  Konferenzen,  1978,  pp.  199-220. 

KALANT,  H.,  LEBLANC,  A.E.,  GIBBINS,  RJ,  Tolerance  to  and  dependence  on  some 
non-opiate  psychotropic  drugs.  Pharmacological  Reviews  23(3):135-191,  1971. 

KALLMAN,  W.M.,  KALLMAN,  M.J.,  HARRY,  G.J.,  WOODSON,  P.P.,  ROSECRANS, 
J.A.  Nicotine  as  a  discriminative  stimulus  in  human  subjects.  In:  Colpaert,  F.C., 
Slangen,  J.L.  (eds.)  Drug  Discrimination  Applications  in  CNS  Pharmacology. 
Amsterdam:  Elsevier  Biomedical  Press,  1982,  pp.  211-218. 

KANDEL,  D.B.  Stages  in  adolescent  involvement  in  drug  use.  Science 
190(4217):912-914,  November  28,  1975. 


355 


KANDEL,  D.B.,  MARGUILIES,  R.Z.,  DAVIES,  M.  Analytical  strategies  for  studying 
transitions  into  developmental  stages.  Sociology  of  Education  51:162-176,  1978. 

KANDEL,  D.B.,  YAMAGUCHI,  K.  Developmental  patterns  of  the  use  of  legal,  illegal, 
and  medically  prescribed  psychotropic  drugs  from  adolescence  to  young  adulthood. 
In:  Jones,  C.L.,  Battjes,  R.J.  (eds.)  Etiology  of  Drug  Abuse:  Implications  for 
Prevention,  NIDA  Research  Monograph  56.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
85-1335,  1985,  pp.  193-235. 

KATO,  S.,  WAKASA,  Y.,  YANAGITA,  T.  Relationship  between  minimum  reinforcing 
doses  and  injection  speed  in  cocaine  and  pentobarbital  self-administration  in  crab- 
eating  monkeys.  Pharmacology  Biochemistry  and  Behavior  28:407-410,  1987. 

KATZ,  J.L.,  GOLDBERG,  S.R.  Preclinical  assessment  of  abuse  liability  of  drugs. 
Agents  and  Actions  23(1/2):  18-26,  1988. 

KAUIMAN,  E.  Family  systems  and  family  therapy  of  substance  abuse:  An  overview 
of  two  decades  of  research  and  clinical  experience.  International  Journal  of  the 
Addictions  20(6  and  7):897-916,  1985. 

KELLAM,  S.G.,  ENSMINGER,  M.E.,  SIMON,  M.B.  Mental  health  m  first  grade  and 
teenage  drug,  alcohol,  and  cigarette  use.  Drug  and  Alcohol  Dependence  5:273-304, 
1980. 

KENDELL,  R.E.,  STATON,  M.C.  The  fate  of  untreated  alcoholics.  Quarterly  Journal 

of  Studies  on  Alcohol  27:30-41,  1966. 
KEUTZER,  C.S.,  LICHTENSTEIN,  E.,  MEES,  H.L.  Modification  of  smoking  behavior: 

A  review.  Psychological  Bulletin  70:520-533,  1968. 
KHATAMI,  M.,  WOODY,  G.,  O'BRIEN,  C.  Chronic  pain  and  narcotic  addiction:  A 

multitherapeutic  approach— a  pilot  study.  Comprehensive  Psychiatry  2(Xl):55-60, 

1979. 

KIRN,  T.F.  Laws  ban  minors'  tobacco  purchases  but  enforcement  is  another  matter. 
Journal  of  the  American  Medical  Association  257(24):3323-3324,  1987. 

KIVLIHAN,  D.R.,  SHIER,  K.J.,  DONOVAN,  D.M.  The  Alcohol  Dependence  Scale:  A 
Validation  Study  Among  Inpatient  Alcoholics,  in  preparation. 

KNUPFER,  G.  Ex-problem  drinkers.  In:  Roff,  M.,  Tobins,  L.,  Pollack,  M.  (eds.)  Life- 
History  Research  in  Psychotherapy,  Volume  2.  Minneapolis:  University  of  Minneso- 
ta Press,  1972,  pp.  256-280. 

KOLB,  L,  HIMMELSBACH,  C.K.  Clinical  studies  of  drug  addiction,  IH.  A  critical 
review  of  the  withdrawal  treatments  with  method  of  evaluating  abstinence 
syndromes.  American  Journal  of  Psychiatry  94(4):759,  January  1938. 

KOPLAN,  J.P.,  POWELL,  K.E.,  SIKES,  R.K.,  SHIRLEY,  R.W.,  CAMPBELL,  C.C.  An 
epidemiologic  study  of  the  benefits  and  risks  of  running.  Journal  of  the  American 
Medical  Association  248:3118-3121,  1982. 

KOSTEN,  T.R.,  ROUNSAVILLE,  B.J.,  KLEBER,  H.D.  A  2.5-year  foUow-up  of 
depression,  life  crisis,  and  treatment  effects  of  abstinence  among  opioid  addicts. 
Archives  of  General  Psychiatry  43(8):733-738,  August  1986. 

KOZLOWSKI,  L.T.  Tar  and  nicotine  delivery  of  cigarettes:  What  a  difference  a  puff 
makes.  Journal  of  the  American  Medical  Association  245(2):158-159,  1981. 

KOZLOWSKI,  L.T.,  APPEL,  C.-P.,  FRECKER,  R.C.,  KHOUW,  V.  Nicotine,  a 
prescribable  drug  available  without  prescription.  Lancet  1:334,  1982. 

KOZLOWSKI,  L.T.,  HERLING,  S.,  LEIGH,  G.,  JELINEK,  L.,  POPE,  M.,  HAERTZEN, 
C.A.,  HENNINGFIELD,  J.E.  The  Role  of  Cigarette  Smoking  and  Caffeine  Use  in 
Drug  and  Alcohol  Abuse.  Presented  at  the  Annual  Meeting  of  the  American 
Psychological  Association,  Toronto,  Ontario,  1984. 


356 


KOZLOWSKI,  L.T.,  HERMAN,  CP.  The  interaction  of  psychosocial  and  biological 

determinants  of  tobacco  use:  More  on  the  boundary  model.  Journal  of  Applied 

Social  Psychology  14(3):244-256,  1984. 
KOZLOWSKI,  L.T.,  WILKINSON,  D.A.  Use  and  misuse  of  the  concept  of  craving  by 

alcohol,  tobacco,  and  drug  researchers.  British  Journal  of  Addiction  82:31-36, 

1987. 

KRASNEGOR,  N.A.  (ed.)  Self-Administration  of  Abused  Substances:  Methods  for 
Study,  NIDA  Research  Monograph  20.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 

78-  727,  July  1978. 

KRASNEGOR,  N.A.  (ed.)  Behavioral  Analysis  and  Treatment  of  Substance  Abuse, 
NIDA  Research  Monograph  25.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 

79-  839,  June  1979a. 

KRASNEGOR,  N.A.  (ed.)  Cigarette  Smoking  as  Dependence  Process,  NIDA  Research 
Mon(^aph  23.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-800,  January  1979b. 

KRASNEGOR,  N.A.  (ed.)  The  Behavioral  Aspects  of  Smoking,  NIDA  Research 
Monograph  26.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-882,  August  1979c. 

KREEK,  M.J.  Methadone  in  treatment:  Physiological  and  pharmacological  issues.  In: 
Dupont,  R.I.,  Goldstein,  A.,  O'Donnell,  J.  (eds.)  Handbook  on  Drug  Abuse.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse, 
1979,  pp.  57-86. 

KUMPFER,  K.L.  Special  populations:  Etiology  and  prevention  of  vulnerability  to 
chemical  dependency  in  children  of  substance  abusers.  In:  Brown,  B.S.,  Mills,  A.R. 
(eds.)  Youth  at  High  Risk  for  Substance  Abuse.  U.S.  Department  of  Health  and 
Hiunan  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
87-1537,  1987,  pp.  1-71. 

LAL,  H.,  MIKSIC,  S.,  DRAWBAUGH,  R.,  NUMAN,  R.,  SMITH,  N.  Alleviation  of 
narcotic  withdrawal  syndrome  by  conditioned  stimuli.  Pavlovian  Journal  of 
Biological  Science  ll(4):251-262,  October-December  1976. 

LANGLEY,  J.N.  On  the  reaction  of  cells  and  of  nerve-endings  to  certain  poisons, 
chiefly  as  regards  the  reaction  of  striated  muscle  to  nicotine  and  to  curari.  Journal 
of  Physiology  (London)  33:374-413,  1905. 

LEACH,  B.  Does  Alcoholics  Anonymous  really  work?  In:  Bourne,  P.G.,  Fox,  R.  (eds.) 
Alcoholism:  Progress  in  Research  and  Treatment.  New  York:  Academic,  1973. 

LEMAIRE,  G.A.,  MEISCH,  R.A.  Oral  drug  self-administration  in  rhesus  monkeys: 
Interactions  between  drug  amount  and  fixed-ratio  size.  Journal  of  the  Experimen- 
tal Analysis  of  Behavior  44(3):377-389,  1985. 

LEMERE,  F.  What  happens  to  alcoholics?  American  Journal  of  Psychiatry 
109:674-676,  1953. 

LETTTIERI,  D.J.,  SAYERS,  M.,  PEARSON,  H.W.  (eds.)  Theories  on  Drug  Abuse. 
Selected  Contemporary  Perspectives,  NIDA  Research  Monograph  30.  U.S.  Depart- 
ment of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse, 
and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS 
Publication  No.  (ADM)  80-967,  March  1980. 

LEVINE,  D.G.  "Needle  freaks":  CompuMve  self-injection  by  drug  users.  American 
Journal  of  Psychiatry  13:297-300,  1974. 


357 


LEVINE,  H.G.  The  discovery  of  addiction:  Changing  conceptions  of  habitual  drunken- 
ness in  America.  Journal  of  Studies  on  Alcohol  39(1):143-174,  1978. 
LEVINE,  H.G.  The  alcohol  problem  in  America:  From  temperance  to  alcoholism. 

British  Journal  of  Addiction  79:109-119,  1984. 
LEVISON,  P.K.,  GERSTEIN,  D.R.,  MALOFF,  D.R.  (eds.)  Commonalities  in  Substance 

Abuse  and  Habitual  Behavior.  Lexington,  Massachusetts:  Lexington  Books,  1983. 
LEVY,  B.  Five  years  after:  A  follow-up  of  50  narcotic  addicts.  American  Journal  of 

Psychiatry  7:102-106,  1972. 
LEWIN,  L.  Phantastica:  Narcotic  and  Stimulating  Drugs,  Their  Use  and  Abuse. 

London:  Paul,  Trench,  Trubner,  1931. 
LEWrr,  E.M.,  COATE,  D.  The  potential  for  using  excise  taxes  to  reduce  smoking. 

Journal  of  Health  Economics  1:121-145,  1982. 
LEWIT,  E.M.,  COATE,  D.,  GROSSMAN,  M.  The  effects  of  government  regulation  on 

teenager  smoking.  Journal  of  Law  and  Economics  24:545-573,  1981. 
LICHTENSTEIN,  E.  The  smoking  problem:  A  behavioral  perspective.  Journal  of 

Consulting  and  Clinical  Psychology  50(6):804-819,  1982. 
LICHTENSTEIN,  E.  Patterns  of  Slips  and  Relapses.  Paper  presented  at  the  National 

Heart,  Lung,  and  Blood  Institute  Conference  on  Relapse  in  Smokii^  Cessation, 

Washington,  D.C.,  July  1986. 
LICHTENSTEIN,  E.,  ANTONUCCIO,  D.W.,  RAINWATER,  G.  Unkicking  the  Habit: 

The  Resumption  of  Cigarette  Smoking.  Paper  jpresented  at  the  annual  meeting  of 

the  Western  Psychological  Association,  Seattle,  April  1977. 
LIGHT,  A.B.,  TORRANCE,  E.G.  Opium  addiction:  VI.  Effects  of  abrupt  withdrawal 

followed  by  readministration  of  morphine  in  human  addicts,  with  special  reference 

to  the  composition  of  the  blood,  the  circulation,  and  the  metabolism.  Archives  of 

Internal  Medicine  44(1):1-16,  July  1929a. 
LIGHT,  A.B.,  TORRANCE,  E.G.  Opium  addiction:  VIIL  The  effects  of  intramuscular 

and  intravenous  administration  of  large  doses  of  morphine  to  human  uddicts. 

Archives  of  Internal  Medicine  44:376-394,  1929b. 
LIN,  T.,  BON,  S.,  DICKINSON,  J.,  BLUME,  C.  Systematic  development  and 

evaluation  of  a  social  skills  training  pit^am  for  chemical  abusers.  International 

Journal  of  the  Addictions  17:585-596,  1982. 
LINDSLEY,  D.B.  Psychological  phenomena  and  the  electroencephalogram.  £/ec^roen- 

cephaU^raphy  and  Clinical  Neurophysiology  4:443-456,  1952. 
LISKOW,  B.I.,  GOODWIN,  D.W.  Pharmacological  treatment  of  alcohol  intoxication, 

withdrawal,  and  dependence:  A  critical  review.  Journal  of  Studies  on  Alcohol 

48(4):356-370,  1987. 

LITMAN,  G.K.,  EISER,  J.R.,  TAYLOR,  C.  Dependence,  relapse  and  extinction:  A 

theoretical  critique  and  a  behavioral  examination.  Journal  of  Clinical  Psychology 

35(1):192-199,  January  1979. 
LITMAN,  G.K.,  STAPLETON,  J.,  OPPENHEIM,  A.N.,  PELEG,  M.,  JACKSON,  P. 

Situations   related   to   alcoholism   relapse.  British   Journal  of  Addiction 

78(4):381-389,  December  1983. 
LITMAN,  G.K.,  STAPLETON,  J.,  OPPENHEIM,  A.N.,  PELEG,  M.,  JACKSON,  P.  The 

relationship  between  coping  behaviours,  their  effectiveness  and  alcoholism  relapse 

and  survival.  British  Journal  of  Addiction  79:283-291,  1984. 
LUDWIG,  A.M.  On  and  off  the  wagon:  Reasons  for  drinking  and  abstaining  by 

alcoholics.  Quarterly  Journal  of  Studies  on  Alcohol  33:91-96,  1972. 
LUDWIG,  A.M.  Pavlov's  "bells"  and  alcohol  craving.  Addictive  Behaviors  11:87-91, 

1986. 

LUDWIG,  A.M.,  STARK,  L.H.  Alcohol  craving:  Subjective  and  situational  aspects. 

Quarterly  Journal  of  Studies  on  Alcohol  35:899-905,  1974. 
LUKAS,  S.E.,  GRIFFITHS,  R.R.  Precipitated  withdrawal  by  a  benzodiazepine 

receptor    antagonist    (Ro    15-1788)    after    7    dajra    of   diazepam.  Science 

217(4565):1 161-1163,  September  1982. 


358 


Behavioral,  physiological,  and  hormonal  effects  of  naloxone  challenge  following 

acute  morphine  pretreatment  in  humans.  In:  Harris,  L.S.  (ed.)  Problems  of  Drug 

Dependence,  NIDA  Research  Monograph  76-  U.S.  Department  of  Health  and 

Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 

Administration,  National  Institute  on  Drug  Abuse.  1987. 
HIGGINS,  S.T.,  STITZER,  M.L.  Acute  maryuana  effects  on  social  conversation. 

Psychopharmacology  89(2):234-238,  June  1986. 
HIMMELSBACH,  C.K.  The  morphine  abstinence  syndrome,  its  nature  and  treatment. 

Annals  of  Internal  Medicine  15(5):829-839,  November  1941. 
HIMMELSBACH,  C.K.,  ANDREWS,  H.L.  Studies  on  the  modification  of  the  morphine 

abstinence  syndrome  by  drugs.  Journal  of  Pharmacology  and  Experimental 

Therapeutics  77(l):17-23,  January  1943. 
HOFFMEISTER,  F.  Negative  reinforcing  properties  of  some  psychotropic  drugs  in 

drug-naive  rhesus  monkeys.  Journal  of  Pharmacology  and  Experimental  TherapeU' 

tics  192(2):468-477,  February  1975. 
HOFFMEISTER,  F.,  GOLDBERG,  S.R.  A  comparison  of  chlorpromazine,  unipramine, 

morphine,  and  d-amphetamine  self-administration  in  cocaine-dependent  rhesus 

monke}^.  Journal  of  Pharmacology  and  Experimental  Therapeutics  187(1):8^14, 

1973. 

HOFFMEISTER,  F.,  WUTTKE,  W.  Psychotropic  drugs  as  negative  reinforcers. 

Pharmacological  Reviews  27(3):419-428,  1976. 
HOFMANN,  A.  The  chemistry  of  LSD  and  its  modifications.  In:  Sankar,  S.  (ed.)  LSD— 

A  Total  Study.  Westbury,  New  York:  PJD  Publications  Ltd.,  1975,  pp.  107-139. 
HOLDER,  H.D.  (ed.)  Advances  in  Substance  Abuse:  Behavioral  and  Biological 

Research.  A  Research  Annual.  Control  Issues  in  Alcohol  Abuse  Prevention: 

Strategies  for  States  and  Communities.  Greenwich,  Connecticut:  JAI  Press,  1987. 
HORST,  K.,  BUXTON,  R.E.,  ROBINSON,  W.D.  The  effect  of  the  habitual  use  of  coffee 

or  decaffeinated  coffee  upon  blood  pressure  and  certain  motor  reactions  of  normal 

young  men.  Journal  of  Pharmacology  and  Experimental  Therapeutics  52:322^37, 

1934. 

HORWrrZ,  M.B.,  HINDI-ALEXANDER,  M.,  WAGNER,  TJ.  Psychosocial  mediators 
of  abstinence,  relapse,  and  continued  smoking:  A  one-year  follow-up  of  a  minimal 
intervention.  Addictive  Behaviors  10:29-39,  1985. 

HRDINA,  P.D.,  HUTCHINSON,  L.J.,  LAPIERRE,  Y.D.,  PEREL,  J.M.,  REED,  K.L. 
Pharmacokinetics  of  psychotropic  drugs:  What  can  it  teU  us?  Progress  in  Neuro- 
Psychopharmacological  and  Biological  Psychiatry  6:681-688,  1982. 

HUBA,  G.J.,  WINGARD,  J.A.,  BENTLER,  P.M.  A  comparison  of  two  latent  variable 
causal  models  for  adolescent  drug  use.  Journal  of  Personality  and  Social 
Psychology  40:180-193,  1981. 

HUBBARD,  R.L.,  MARSDEN,  M.E.  Relapse  to  use  of  heroin,  cocaine,  and  other  drugs 
in  the  first  year  after  treatment.  In:  Tims,  F.M.,  Leukefeld,  C.G.  (eds.)  Relapse  and 
Recovery  in  Drug  Abuse,  NIDA  Research  Monograph  72.  U.S.  Department  of 
Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publica- 
tion No.  (ADM)  86-1473,  pp.  157-166,  1986. 

HUGHES,  J.R.,  GUST,  S.W.,  PECHACEK,  T.F.  Prevalence  of  tobacco  dependence  and 
withdrawal.  American  Journal  of  Psychiatry  144:205-208,  1987. 

HUGHES,  J.R.,  HATSUKAMI,  D.  Signs  and  symptoms  of  tobacco  withdrawal. 
Archives  of  General  Psychiatry  43(3):289-294,  March  1986. 

HULL,  J.G.,  YOUNG,  R.D.  The  self-awareness  reducing  effects  of  alcohol  consump- 
tion: Evidence  and  implications.  In:  Suls,  J.,  Greenwald,  A.G.  (eds.)  Social 
Psychological  Perspectives  of  the  Self  (yolntos  2).  Hillsdale,  New  Jersey:  Erlbaum, 
1983. 


352 


MARLATT,  G.A.,  GORDON,  J.R.  Relapse  Prevention:  Maintenance  Strategies  in  the 
Treatment  of  Addictive  Behaviors.  New  York:  Guilford  Press,  1985. 

MARLATT,  G.A.,  MARQUES,  J.K.  Meditation,  self-control,  and  alcohol  use.  In: 
Stuard,  R.B.  (ed.)  Behavioral  Self-Management'  Strategies,  Techniques,  and  Out- 
comes. New  York:  Brunner/Mazel,  1977. 

MARLATT,  G. A.,  PAGANO,  R.R.,  ROSE,  R.M.,  MARQUES,  J.K.  Effects  of  meditation 
and  relaxation  training  upon  alcohol  use  in  social  drinkers.  In:  Shapiro,  D.H., 
Walsh,  R.N.  (eds.)  Meditation:  Classical  and  Contemporary  Perspectives.  New  York: 
Aldine,  1984. 

MARTIN,  W.R.  Drug  addiction.  In:  DiPalma,  J.R.  (ed.)  Dnll's  Pharmacology  in 

Medicine,  Third  Edition.  New  York:  McGraw-Hill,  1965,  pp.  274-285. 

MARTIN,  W.R.  Pathophysiology  of  narcotic  addiction:  Possible  roles  of  protracted 
abstinence  in  relapse.  In:  Zareifonetis,  C.J.  (ed.)  Drug  Abuse:  Proceedings  of  the 
International  Conference.  Philadelphia:  Lea  and  Febiger,  1972,  pp.  153-159. 

MARTIN,  W.R.  (ed.)  Drug  Addiction  I:  Morphine,  Sedative/Hypnotic  and  Alcohol 
Dependence,  Volume  45.  Berlin:  Springer-Verlag,  1977. 

MARTIN,  W.R.,  ERASER,  H.F.  A  comparative  study  of  physiological  and  subjective 
effects  of  heroin  and  morphine  administered  intravenously  in  postaddicts.  Journal 
of  Pharmacology  and  Experimental  Therapeutics  133(3):388-399,  September  1961. 

MARTIN,  W.R.,  ERASER,  H.R.,  GORODETZKY,  C.W.,  ROSENBERG,  D.E.  Studies  of 
the  dependence-producing  potential  of  the  narcotic  antagonist  2-cyclopropylme- 
thyl-2'-hydroxy-5,9-dimethyl-6,7-benzomorphan  (cyclazocine,  WIN-20,740,  ARC  II- 
OS).  Journal  of  Pharmacology  and  Experimental  Therapeutics  150:426-436, 1965. 

MARTIN,  WJl.,  GILBERT,  P.E.,  JASINSKI,  D.R.,  MARTIN,  CD.  An  analysis  of 
naltrexone  precipitated  abstinence  in  morphine-dependent  chronic  spinal  dogs. 
Journal  of  Pharmacology  and  Experimental  Therapeutics  240(2):565-570,  1987. 

MARTIN,  W.R.,  ISBELL,  H.  Drug  Addiction  and  the  U.S.  Public  Health  Service. 
Proceedings  of  Symposium  Commemorating  the  40th  Anniversary  of  the  Addiction 
Research  Center  at  Lexington,  Kentucky.  DHEW  Publication  No.  (ADM)  77-434, 
1978. 

MARTIN,  W.R.,  THOMPSON,  W.O.,  ERASER,  H.F.  Comparison  of  graded  single 
intramusculau:  doses  of  morphine  and  pentobarbital  in  man.  Clinical  Pharmacolo- 
gy and  Therapeutics  15:623-630,  1974. 

MARTY,  P.J.,  McDERMOTT,  R.J.,  YOUNG,  M.,  GUYTON,  R.  Prevalence  and 
psychosocial  correlates  of  dipping  and  chewing  behavior  in  a  group  of  rural  high 
school  students.  Health  Education  17(2):28-31,  1986. 

MATEFY,  R.E.  Behavior  therapy  to  extinguish  spontaneous  recurrences  of  LSD 
effects:  A  case  study.  Journal  of  Nervous  and  Mental  Disease  156:226-231,  1973. 

MATEJCEK,  M.  Vigilance  and  the  EEG:  Psychological,  physiological  and  pharmaco- 
logical aspects.  In:  Hermann,  W.M.  (ed.)  Electroencephal(^raphy  in  Drug  Research. 
Stuttgart:  Gustav  Fischer,  1982,  pp.  405-508. 

MAXWELL,  M.A.  Alcoholics  Anonymous:  An  interpretation.  In:.  Pittman,  D.J., 
Snyder,  C.R.  (eds.)  Society,  Culture,  and  Drinking  Patterns.  New  York:  John  Wiley 
and  Sons,  1962. 

McAULIFFE,  W.E.  Beyond  secondary  deviance:  Negative  labeling  and  its  effects  on 
the  heroin  addict.  In:  Gove,  W.R.  (ed.)  Labeling  Approach  to  Deviant  Behavior:  The 
Evaluation  of  a  Perspective.  New  York:  Halsted/Sage,  1975,  pp.  205-242. 

McAULIFFE,  W.E.,  FELDMAN,  B.,  FRIEDMAN,  R.,  LAUNER,  E.,  MAGNUSON,  E., 
MAHONEY,  C,  SANTANGELO,  S.,  WARD,  W.,  WEISS,  R.  Explaining  relapse  to 
opiate  addiction  following  successful  completion  of  treatment.  In:  Tims,  F.M^i 
Leukefeld,  C.G.  (eds.)  Relapse  and  Recovery  in  Drug  Abuse,  NIDA  Research 
Monograph  72.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  86-1473,1986,  pp.  136-156. 


360 


McAUUFPE,  W.E.,  ROHMAN,  M..  FELDMAN,  B.,  LAUNER,  E.  The  role  of  euphoric 
effects  in  the  opiate  addictions  of  heroin  addicts,  medical  patients  and  impaired 
health  professionals.  Journal  of  Drug  Issues  15:203-224,  1985. 

McCAUL,  M.E.,  STITZER,  M.L.,  BIGELOW,  G.E.,  LIEBSON,  LA.  Contingency 
management  interventions:  Effects  on  treatment  outcome  during  methadone 
detoxification.  Journal  of  Applied  Behavior  Analysis  17(l):35-43,  Spring  1984. 

McLELLAN,  A.T.,  CHILDRESS,  A.R.,  EHRMAN,  R.,  O'BRIEN,  CP..  PASHKO,  S. 
Extinguishing  conditioned  responses  during  opiate  dependence  treatmient:  Turn- 
ing laboratory  findings  into  clinical  procedures.  Journal  of  Substance  Abuse 
Treatment  3:33-40,  1986. 

McLELLAN,  A.T.,  LUBORSKY,  L.,  WOODY,  G.E.,  O'BRIEN,  CP.,  DRULEY,  k.A. 
Predicting  response  to  alcohol  and  drug  abuse  treatments:  Role  of  psychiatric 
severity.  Archives  of  General  Psychiatry  40:620-625,  1983. 

McLELLAN,  A.T.,  WOODY,  G.E.,  O'BRIEN,  C.  Development  of  psychiatric  illness  in 
dn^  abusers.  New  England  Journal  of  Medicine  301:1310-1314,  1979. 

McMillan,  d.e.,  harris,  l.s.,  frankenheim,  j.m.,  Kennedy,  j.s.  i-A«-trans- 

tetrahydrocannabinol  in  pigeons:  Tolerance  to  the  behavioral  effects.  Science 
ie9(3944):50i-«03,  July  31,  1970. 
IifcNEiLL,  A.D.,  WEST,  R. J.,  JARVIS,  M.,  JACKSON,  P.,  BRYANT,  A.  Cigarette 
withdrawal  symptoms  by  adolescent  smokers.  Piychopharmacology  90(4):533-536, 
1986. 

MEDICAL  ECONOMICS  COMPANY.  Physicians' Desk  Reference  1988.  Oradell,  New 

Jersey:  Medical  Economics  Compsmy,  Inc.,  1988. 
MEISCH,  R.A.  Ethanol  self-administration:  Infrahuman  studies.  In:  Thompson,  T., 

Dews,  P.B.  (eds.)  Advances  in  Behavioral  Pharmacology,  Volume  1.  New  York; 

Academic  Press,  pp.  35-84,  1977. 
MEISCH,  R.A.  Animal  studies  of  alcohol  intake.  British  Journal  of  Psychiatry 

141:113-120,  1982. 

M^ESCH,  R.A.  Factors  controlling  drug  reinforced  behavior.  Pharmacology  Biochem- 
istry and  Behavior  27:367-371,  1987. 

MEISCH,  R.A.,  CARROLL,  M.E.  Establishment  of  orally  delivered  drugs  as  reinforc- 
ers  for  rhesus  monkeys:  Some  relations  to  human  drug  dependence.  In:  Thompson, 
T.,  Johanson,  CE.  (eds.)  Behavioral  Pharmacology  of  Human  Drug  Dependence, 
NIDA  Research  Monograph  37.  U.S.  Department  of  Health  and  Human  Services^ 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  81-1137,  July 
1981,  pp.  197-209. 

MEISCH,  R.A.,  KLINER,  D.J.,  HENNINGFEELD,  J.E.  Pentobarbital  drinkii^  by 
rhesus  monkeys:  Establishment  and  maintenance  of  pentobarbital-reinforced 
behavior.  Journal  of  Pharmacology  and  Experimental  Therapeutics  217:114-120, 
1981. 

MEISCH,  R.A.,  THOMPSON,  T.  Ethanol  intake  in  the  absence  of  concurrent  food 
reinforcement.  Psychopharmacologia  22:72-79,  1971. 

MELLO,  N.K.  Some  aspects  of  the  behavioral  pharmacology  of  alcohol.  In:  Efron,  D.H. 
et  al.  (eds.)  Psyehopharmacology:  A  Review  of  Progress  1957-1967.  PHS  Publication 
No.  1836,  1968,  pp.  787-809. 

MELLO,  N.  Behavioral  studies  of  alcoholism.  In:  Kissin,  B.,  B^leiter,  H.  (eds.)  The 
Biology  of  Alcoholism,  Volume  2.  New  York:  Plenum  Press,  1972,  pp.  219-291. 

MELLO,  N.K.  A  review  of  methods  to  induce  alcohol  addiction  in  animals. 
Pharmacology  Biochemistry  and  Behavior  1:89-101,  1973. 

MELLO,  N.K.,  McNAMEE,  H.B.,  MENDELSON,  J.H.  Drinking  patterns  of  chronic 
alcoholics:  Gambling  and  motivation  for  alcohol.  In:  Cole,  J.O.  (ed.)  Clinical 
Research  in  Alcoholism,  Psychiatric  Report  No.  24.  American  Psychiatric  Associa- 
tion, 1968,  pp.  83-118. 


361 


MELLO,  N.K.,  MENDELSON,  J.H.  Experimentally  induced  intoxication  in  alcoholics: 

A  comparison  between  programmed  and  spontaneous  drinking.  Journal  of 

Pharmacology  and  Experimental  Therapeutics  173(1): 101-1 14,  1970. 
MELLO,  N.K.,  MENDELSON,  J.H.  The  effects  of  drinking  to  avoid  shock  on  alcohol 

intake  in  primates.  In:  Roach,  M.K.,  Mclsaac,  W.M.,  Creaven,  P.J.  (eds.)  Biological 

Aspects  of  Alcohol.  Austin:  University  of  Texas  Press,  1971a,  pp.  313-332. 
MELLO,  N.K.,  MENDELSON,  J.H.  Evaluation  of  a  polydipsia  technique  to  induce 

alcohol  consumption  in  monkeys.  Physiology  and  Behavior  7:827-836,  1971b. 
MELLO,  N.K.,  MENDELSON,  J.H.  Behavioral  pharmacology  of  human  alcohol, 

heroin  and  marihuana  use.  In:  Fishman,  J.  (ed.)  The  Bases  of  Addiction.  Berlin: 

Dahlem  Konferenzen,  1978,  pp.  133-155. 
MENDELSON,  J.H.,  MELLO,  N.K.  Experimental  analysis  of  drinking  behavior  of 

chronic  alcoholics.  Annals  of  the  New  York  Academy  of  Sciences  133:828-845, 1966. 
MENDELSON,  J.H.,  MELLO,  N.K.  Reinforcing  properties  of  oral  A-9-tetrahydrocan- 

nabinol,  smoked  marijuana,  and  nfibilone:  Inifluence  of  previous  marijuana  use. 

Psychopharmacology  83(4):351-356,  July/August  1984. 
MENDELSON,  J.H.,  MELLO,  N.K.,  LEX,  B.W.,  BAVLI,  S.  Marijuana  withdrawal 

syndrome  in  a  woman.  American  Journal  of  Psychiatry  141(10):1289-1290,  Octobeir 

1984. 

MERMELSTEIN,  R.,  COHEN,  S.,  LICHTENSTEIN,  E.,  BAER,  J.S.,  KAMARCK,  T. 

Social  support  and  smoking  cessation  and  maintenance.  Journal  of  Consulting  and 

Clinical  Psychology  54:447-453,  1986. 
MERMELSTEIN,  R.,  LICHTENSTEIN,  E.,  McINTYRE,  K.  Partner  support  and 

relapse  in  smoking  cessation  pirograins.  Journal  of  Consulting  and  Clinical 

Psychology  51(3):465-466,  June  1983. 
MEYER,  R.E.  How  to  understand  the  relationship  between  psychopatholc^  and 

addictive  disorders:  Another  example  of  the  chicken  and  the  egg.  In:  Meyer,  R.E. 

(ed.)  Psychopathology  and  Addictive  Disorders.  New  York:  Guilford  Press,  1986,  pp. 

3-16. 

MEYER,  R.E.,  MIRIN,  S.M.  The  Heroin  Stimulus:  Implications  for  a  Therapy  of 
Addiction.  New  York:  Plenum  Medical  Books,  1979. 

MILLEIR,  W.R.  Problem  drinking  and  substance  abuse:  Behavioral  perspectives.  In: 
Krasnegor,  N.A.  (ed.)  Behavioral  Analysis  and  Treatment  of  Substance  Abuse, 
NIDA  Research  Monograph  25,  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 
79-839,  1979,  pp.  158-177. 

MILLER,  P.M.,  EISLER,  R.M.  Assertive  behavior  of  alcoholics:  A  descriptive  analysis. 
Behavior  Therapy  8:146-149,  1971. 

MILLER,  P.M.,  HERSEN,  M.,  EISLER,  R.M.,  HILSMAN,  G.  Effects  of  social  stress  on 
operant  drinking  of  alcoholics  and  social  drinkers.  Behavior  Research  and  Therapy 
12:67-72,  1974. 

MILLER,  W.R.,  HESTER,  R.  The  effectiveness  of  alcoholism  treatment:  What 
research  reveals.  In:  Miller,  W.,  Heather,  N.  (eds.)  Treating  Addictive  Behaviors: 
Processes  of  Change.  New  York:  Plenum  Press,  1986a. 

MILLER,  W.R.,  HESTER,  R.K.  Inpatient  alcoholism  treatment:  Who  benefits? 
American  Psychologist  41(7):794-805,  July  1986b. 

MILLER,  W.R.,  JOYCE,  M.A.  Prediction  of  abstinence,  controlled  drinking,  and  heavy 
drinking  outcomes  following  behavioral  self-control  training.  Journal  of  Consult- 
ing and  Clinical  Psychology  47:773-775,  1979. 

MILLMAN,  R.,  KHURI,  E.,  NYSWANDER,  M.  Therapeutic  detoxification  of  adoles- 
cent heroin  addicts.  Annals  of  the  New  York  Academy  of  Sciences  311:163-164, 
1978. 


362 


MOBERG,  D.P.,  KRAUSE,  W.K.,  KLEIN,  P.E.  Posttreatment  drinking  behavior 

among  inpatients  from  an  industrial  alcoholism  program.  International  Journal  of 

the  Addictions  17(3):549-567,  1982. 
MOOS,  R.H.,  BROMET,  E.,  TSU,  V.,  MOOS,  B.  FamUy  characteristics  and  the 

outcome  of  treatment  for  alcoholism.  Journal  of  Studies  on  Alcohol  40(l):78-88, 

1979. 

MOOS,  R.H.,  FINNEY,  J.W.,  CHAN,  D.A.  The  process  of  recovery  from  alcoholism.  I. 
Comparing  alcoholic  patients  and  matched  community  controls.  Journal  of  Studies 
on  Alcohol  42(5):383-402,  1981. 

MOOS,  R.H.,  MOOS,  B.S.  The  process  of  recovery  from  alcoholism:  HI.  Comparing 
functioning  in  families  of  alcoholics  and  matched  control  families.  Journal  of 
Studies  on  Alcohol  45(2):111-118,  1984. 

MORETON,  J.E.,  MEISCH,  R.A.,  STARK,  L.,  THOMPSON,  T.  Ketamine  self-adminis- 
tration by  the  rhesus  monkey.  Journal  of  Pharmacology  and  Experimental 
Therapeutics  203(2):303-309,  1977. 

MORRISON,  C.F.,  STEPHENSON,  J.A.  Nicotine  injections  as  the  conditioned 
stimulus  in  discrimination  learning.  Psychopharmacologia  15:351-360,  1969. 

MORSELLI,  P.L.  (ed.)  Drug  Disposition  During  Development.  New  York:  Spectrum 
Publications,  Inc.,  1977. 

MURANAKA,  H.,  HIGASHI,  E.,  ITANI,  S.,  SHIMIZU,  Y.  Evaluation  of  nicotine, 
ootinine,  thiocyanate,  carboxyhemoglobin,  and  expired  oirbon  monoxide  as 
biochemical  tobacco  smoke  uptake  parameters.  International  Archives  of  Occupa- 
tional and  Environmental  Health  60:37-41,  1988. 

MURPHY,  T.,  MARLATT,  G.A.,  PAGANO,  R.  Lifestyle  modification  yf^Ai  heavy 
alcohol  drinkers:  Effects  of  aerobic  exercise  and  meditation.  Addictive  Behaviors 
11(2):175-186,  1986. 

MURRAY,  A.L.,  LAWRENCE,  P.S.  Sequelae  to  smoking  cessation:  A  review.  Clinical 

Psychology  Review  4(2):143-157,  1984. 
MYERS,  H.B.,  AUSTIN,  V.T.  Nitrite  toleration.  Journal  of  Pharmacology  and 

Experimental  Therapeutics  36:227-230,  1929. 
NAHAS,  G.G.,  FRICK,  H.C.  II.  {eds.)  Ih-ug  Abuse  in  the  Modem  World.  A  Perspective 

for  the  Eighties.  New  York:  Pergamon  Press,  1981. 
NATHAN,  P.E.,  O'BRIEN,  J.S.,  LOWENSTEIN,  L.M.  Operant  studies  of  chronic 

alcoholism:  Interaction  of  alcohol  and  alcoholi^.  In:  Roach,  M.K.,  Mclsaac,  W.M., 

Creaven,  P.  J.  (eds.)  Biological  Aspects  of  Alcoholism.  Austin:  University  of  Texas 

Press,  1971, 

NATIONAL  HOUSEHOLD  SURVEY  ON  DRUG  ABUSE  1985.  Rockville,  Maryland: 

National  Institute  on  Drug  Abuse,  in  preparation. 
NATIONAL  INSTITUTE  ON  DRUG  ABUSE.  Leisure  Patterns  of  Opioid  Addicts:  A 

Six-Year  Followup  of  Clients,  Services  Research  Report.  U.S.  Department  of 

Health  and  Human  Services,  National  Institute  on  Drug  Abuse.  DHHS  Publication 

No.  (ADM)  81-1040,  1980. 
NEGIN,  E.  Just  a  pinch  between  your  cheek  and  gum.  Public  Citizen  (Spring):28-32, 

1985. 

NEMETH-COSLETT,  R.,  HENNINGFIELD,  J.E.,  O'KEEFE,  M.K.,  GRIFFITHS,  R.R. 

Nicotine  gum:  Dose-related  effects  on  cigarette  smoking  and  subjective  ratings. 

Psychopharmacology  92(l):424-430,  1987. 
NURCO,  D.N.,  WEGNER,  N.,  STEPHENSON,  P.,  MAKOFSKY,  A.,  SHAFFER,  J.W. 

Ex-Addicts'  Self-Help  Groups:  Potentials  and  Pitfalls.  New  York:  Praeger,  1983. 
O'BRIEN,  CP.  Experimental  analysis  of  conditioning  factors  in  human  narcotic 

addiction.  Pharmacok^ical  Reviews  27(4):533-543,  December  1975. 
O'BRIEN,  CP.,  EHRMAN,  R.N.,  TERNES,  J.W.  Classical  conditioning  in  human 

opioid  dependence.  In:  Groldberg,  S.R.,  Stolerman,  l.P.  (eds.)  Behavioral  Analysis  of 

Drug  Dependerux.  Orlando:  Academic  Press,  Inc.,  1986,  pp.  329-356. 


363 


O'BRIEN,  CP.,  TESTA,  T.,  TERNES,  J.,  GREENSTEIN,  R.  Conditioning  effects  of 
narcotics  in  humans.  In:  Krasnegor,  N.A.  (ed.)  Behavioral  Tolerance:  Research  and 
Treatment  Implications,  NIDA  Research  Monograph  18.  U.S.  Department  of 
Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration,  National  Institute  on  Drug  |^buse.  DHEW 
Publication  No.  (ADM)  78-551,  1978,  pp.  67-71. 

O'DONNELL,  J.A.,  CLAYTON,  R.R.  The  stepping  stone  hypothesis— marijuana, 
heroin,  and  causality.  Chemical  Dependencies  4(3):229-241,  1982. 

OGBORNE,  A.C.  Patient  characteristics  as  predictors  of  treatment  outcomes  for 
alcohol  and  drug  abusers.  In:  Israel,  Y.,  Glaser,  F.B.,  Kalant,  H.,  Popham,  R.E., 
Schmidt,  W.,  Smart,  R.G.  (eds.)  Research  Advances  in  Alcohol  and  Drug  Problems. 
New  York:  Plenum  Press,  1978. 

OKAMOTO,  M.  Barbiturate  tolerance  and  physical  dependence:  Contribution  of 
pharmacological  factors.  In:  Sharp,  C.W.  (ed.)  Mechanisms  of  Tolerance  and 
Dependence,  NIDA  Research  Monograph  54.  U.S.  Departmmit  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
84-1330,  1984,  pp.  333-347. 

OKAMOTO,  M.,  RAO,  S.,  WALEWSKI,  J.L.  Effect  of  dosing  frequency  on  the 
development  of  physical  dependence  and  tolerance  to  pentobarbital.  Journal  of 
Pharmacology  and  Eicperimmtal  Therapeutics  238(3):1004-1(X)8,  1986. 

OKAMOTO,  M.,  ROSENBERG,  H.C.,  BOISSE,  N.R  Tolerance  characteristics  pro- 
duced during  the  maximally  tolerable  chronic  pentobarbital  dosing  in  the  cat. 
Journal  of  Pharmacology  and  Experimental  Therapeutics  192(3):555-564,  1975. 

CLEARY,  D.E.,  O'LEARY,  M.R.,  DONOVAN,  D.M.  Social  skills  acquisition  and 
psychosocial  development  of  alcoholics:  A  review.  Addictive  Behaviors  1:111-120, 
1976. 

O'LEARY,  M.R.,  DONOVAN,  DM.,  CHANEY,  E.P.,  WALKER,  R.D.  Cognitive 

impairment  and  treatment  outcome  with  alcoholics:  Prelimittaiy-findings.  Journal 

of  Clinical  Psychiatry  40:397-398,  1979. 
ORFORD,  J.,  EDWARDS,  G.  Alcoholism:  A  Comparison  of  TVeatment  and  Advice, 

With  a  Study  of  the  Influence  of  Marriage.  Oxford:  Oxford  University  Press,  1977. 
ORFORD,  J.,  OPPENHEIMER,  E.,  EGERT,  S.,  HENSMAN,  C,  GUTHRIE,  S.  The 

cohesiveness  of  alcoholism-complicated  marriages  and  its  influence  on  treatment 

outcome.  British  Journal  of  Psychiatry  128:318-339,  1976. 
OSSIP-KLEIN,  D.J.,  BIGELOW,  G.,  PARKER,  S.R.,  CURRY,  S.,  HALL,  S.,  IRKLAND, 

S.  Classification  and  assessment  of  smoking  behavior.  Health  Psychology  5 

(Supplement):3-ll,  1986. 
OVERTON,  D.A.  Discriminative  control  of  behavior  by  drug  states.  In:  Thompson,  T., 

Pickens,  R.  (eds.)  Stimulus  Properties  of  Drugs.  New  York:  Appleton-Century- 

Crofts,  1971,  pp.  87-110. 
OVERTON,  D.A.,  BATTA,  S.K.  Relationship  between  abuse  liability  of  drugs  and 

their  degree  of  discriminabUity  in  the  rat.  In:  Thompson,  T.,  Unna,  K.R.  (eds.) 

Predicting  Dependence  Liability  of  Stimulant  and  Depressant  Drugs.  Baltimore: 

University  Park  Press,  1977,  pp.  125-135. 
PEDERSON,  L.,  LEFCOE,  N.  A  psychological  and  behavioral  comparison  of  ex- 
smokers  and  smokers.  Journal  of  Chronic  Diseases  29:431-434,  1976. 
PEELE,  S.  Why  do  controUed-drinking  outcomes  vary  by  investigator,  by  country  and 

by  era?  Cultural  conceptions  of  relapse  and  remission  in  alcoholism.  Drug  and 

Alcohol  Dependence  20:173-201,  1M7. 
PEMBERTON,  D.A.  A  comparison  of  the  outcome  of  treatment  in  female  and  male 

alcoholics.  British  Journal  of  Psychiatry  113:367-373,  1967. 
PERRI,  M.,  RICHARDS,  C,  SCHULTHEIS,  F.  Behavioral  self-control  and  smoking 

reduction:  A  study  of  self-initiated  attempts  to  reduce  smoking.  Behavior  Therapy 

8:360-365,  1977. 


364 


PETERSEN,  R.C.  (ed.)  The  International  Challenge  of  Drug  Abuse,  NIDA  Research 
Monograph  19.  U.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  78^54,  1978. 

PICKENS,  R.,  BIGELOW,  G.,  GRIFFITHS,  R.  Case  histories  and  shorter  communica- 
tions. Behavior  Research  and  Therapy  ll(3):321-325,  August  1973. 

PICKENS,  R.W.,  HATSUKAMI,  D.K.,  SPICER,  J.W.,  SVIKIS,  D.S.  Relapse  by  alcohol 
abusers.  Alcohol  Clinical  and  Experimental  Research,  9(3):244-247,  May-June 
1985. 

PICKENS,  R.,  THOMPSON,  T.  Cocaine-reinforced  behavior  in  rats:  Effects  of 

reinforcement  ms^itude  and  fixed-ratio  size.  Journal  of  Pharmacology  and 

Experimental  Therapeutics  161(1):122-129,  1968. 
PICKWORTH,  W.B.,  HERNING,  R.L,  HENNINGFIELD,  JJE.  Mecamylamine  reduces 

some  EEG  effects  of  nicotine  chewing  gum  in  humans.  PharmacoU^  Biochemistry 

and  Behavior  30:149-153,  1988. 
PLATT,  J.J.  Heroin  Addiction:  Theory,  Research,  and  Treatment.  Malabar,  Florida: 

Kri^r,  1986. 

POKORNY,  A.D.,  MILLER,  B.A.,  KANAS,  T.,  VALLES,  J.  Effectiveness  of  extended 
aftercare  in  the  treatment  of  alcoholism.  Quarterly  Journal  of  Studies  on  Alcohol 
34:435-443,  1973. 

POLAKOW,  RX.,  DOCTOR,  R.M.  Treatment  of  marijuana  and  barbiturate  dependen- 

cy  by  contingency  contracting.  Journal  of  Behavior  Therapy  and  Ihcperimental 

Psychiatry  4:375-377,  1973. 
POLICH,  J.M.,  ARMOR,  D.J.,  BRAIKER,  H.B.  Patterns  of  alcoholism  over  four  years. 

Journal  of  Studies  on  Alcohol  4(5):397-416,  1980. 
POLICH,  J.M.,  ARMOR,  J.J.,  BRAIKER,  H.B.  The  Course  of  Alcoholism:  Four  Years 

After  Treatment.  New  York:  John  Wiley  and  Sons,  1981. 
POMERLEAU,  O.F.  Behavioral  factors  in  the  establishment,  maintenance,  and 

cessation  of  smoking.  In:  Krasnegor,  N.A.  (ed.)  The  Behavioral  Aspects  of  Smoking, 

NIDA  Research  Monograph  26.  U.S.  Department  of  Health,  Education,  and 

Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 

Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 

79-882,  1979,  pp.  48-57. 
POMERLEAU,  O.,  ADKINS,  D.,  PERTSCHUK,  M.  Predictors  of  outcome  and 

recidivism  in  nnoking  cessation  treatment.  Addictive  Behaviors  3(2):65-70, 1978. 
PRESIDENT'S  ADVISORY  COMMISSION  ON  NARCOTIC  AND  DRUG  ABUSE.  The 

President's  Advisory  Commission  on  Narcotic  and  Drug  Abuse.  Washington,  D.C.: 

U.S.  Government  Printing  Office,  1963. 
RADOUCO-THOMAS,  S.,  GARCIN,  F.,  DENVER,  D.,  GAUDREAULT,  V.,  RADOU- 

CO-THOMAS,  C.  A  possible  "eco-pharmac{^enetic"  model  in  neuropsychopharma- 

cology  aspects  in  alcoholism  and  pharmacodependence.  Progress  in  Neuropsycho- 

pharmacology  4:313-315,  1980. 
RAO,  C.R.  Advanced  Statistical  Methods  in  Bwmetric  Research.  New  York:  John 

Wiley  and  Sons,  1952. 
RAW,  M.,  JARVIS,  M.J.,  FEYERABEND,  C,  RUSSELL,  M.A.H.  Comparison  of 

nicotine  chewing-gum  and  psychological  treatments  for  dependent  smokers. 

British  Medical  Journal  281:481-482,  1980. 
RECTOR,  F.C.,  SELDIN,  D.W.,  COPENHAVER,  J.H.  The  mechanism  of  ammonia 

excretion  during  ammonium  chloride  acidosis.  Journal  of  Clinical  Investigation 

34:20-26,  1955. 

RHOADS,  D.  A  longitudinal  study  of  life  stress  and  social  support  amoi^  drug 
abusers.  International  Journal  of  the  Addictions  18:195-222,  1983. 


365 


RICHARDS,  L.G.,  ELEVENS,  L.B.  (eds.)  The  Epidemiology  of  Drug  Abuse:  Current 
Issues,  NIDA  Research  Monograph  10.  U.S.  Department  of  Health,  Education,  and 
Welfare,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM) 

77-432,  1977. 

RICKARD-FIGUEROA,  K.,  ZEICHNER,  A.  Assessment  of  smoking  urge  and  its 

concomitants  under  an  environmental  smoking  cue  manipulation.  Addictive 

Behaviors  10:249-256,  1985. 
RIORDAN,  C,  MEZRITZ,  M.,  SLOBETZ,  F.,  KLEBER,  H.  Successful  detoxification 

from  methadone  maintenance.  Journal  of  the  American  Medical  Association 

235:2604-2607,  1976. 

ROBINS,  L.N.,  DAVIS,  D.H.,  GOODWIN,  D.W.  Drug  use  by  U.S.  Army  enUsted  men 
in  Vietnam:  A  follow-up  on  their  return  home.  American  Journal  of  Epidemiology 
99:235-249,  1974. 

ROBINS,  L.N.,  DAVIS,  D.H,,  NURCO,  D.N.  How  permanent  was  Vietnam  drug 

addiction?  American  Journal  of  Public  Health  64(Supplement):38-43,  1974. 
ROBINS,  L.N.,  HELZER,  J.E.  Drug  use  among  Vietnam  veterans — ^Three  years  later. 

Medical  World  News  :44-45,  October  1975. 
ROBINS,  L.N.,  HELZER,  J.E.,  DAVIS,  D.H.  Narcotic  use  in  southeast  Asia  and 

afterward.  Archives  of  General  Psychiatry  2:955-961,  1975. 
ROBINS,  L.N.,  HELZER,  J.E.,  HESSELBROCK,  M.,  WISH,  E.  Vietnam  veterans 

three  years  after  Vietnam:  How  our  study  changed  our  view  of  heroin.  In:  Harris, 

L.  (ed.)  Problems  of  Drug  Dependence.  Proceedings  of  the  Committee  on  Problems  of 

Drug  Dependence.  Washington,  D.C.:  National  Academy  of  Sciences,  1977. 
ROBSON,  R.A.H.,  PAULUS,  I.,  CLARKE,  G.G.  An  evaluation  of  the  effect  of  a  clinic 

treatment  program  on  the  rehabilitation  of  alcoholic  patients.  Quarterly  Journal  of 

Studies  on  Alcohol  26:264-278,  1965. 
RONNBERG,  S.  Behavioral  analysis  of  alcohol  abtise.  In:  Sjoden,  P.O.,  Batesj  S., 

Dockens,  W.S.  (eds.)  Trends  in  Behavior  Therapy.  New  York:  Academic,  1979. 
ROSE,  J.E.,  TASHKIN,  D.P.,  ERTLE,  A.,  ZINSER,  M.C.,  LAFER,  R.  Sensory  blockade 

of  smoking  satisfaction.  Pharmacology  Biochemistry  and  Behavior  23(2):289-293, 

August  1985. 

ROSECRANS,  J. A.,  MELTZER,  L.T.  Central  sites  and  mechanisms  of  action  of 
nicotine.  Neuroscience  and  Biobehavioral  Reviews  5(4):497-501,  Winter  1981. 

ROSENBERG,  H.  Relapsed  versus  non-relapsed  alcohol  abusers:  Coping  skills,  life 
events,  and  social  support.  Addictive  Behaviors  8:183-186,  1983. 

ROUNSAVILLE,  B.J.,  DOSTEN,  T.R.,  WEISSMAN,  M.M.,  KLEBER,  H.D.  Evaluating 
and  Treating  Depressive  Disorders  in  Opiate  Addicts,  NIDA  Treatment  Research 
Monograph  Series.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHHS  Publication  No.  85-1406,  1985. 

ROUNSAVILLE,  B.J.,  KLEBER,  H.D.  Psychiatric  disorders  in  opiate  addicts: 
Preliminary  findings  on  the  course  and  interaction  with  program  type*  In:  Meyer, 
R.E.  (ed.)  Psychopathohgy  and  Addictive  Disorders.  New  York;  Guilford  Press, 
1986,  pp.  140-168. 

ROUNSAVILLE,  B.J.,  WEISSMAN,  M.M.,  KLEBER,  H.,  WILBER,  T.  Heterogeneity 
of  psychiatric  diagnosis  in  treated  opiate  addicts.  Archives  of  General  Psychiatry 
39:161-166,  1982. 

RUSSELL,  M.A.H.  Tobacco  smoking  a;nd  nicotine  dependence.  In:  Gibbins,  R.J.,  Israel, 
Y.,  Kalant,  H.,  Popham,  R.E.,  Schmidt,  W.,  Smart,  R.G.  (.eds.)  Research  Advances  in 
Alcohol  and  Drug  Problems.  New  York:  John  Wiley  and  Sons,  1976,  pp.  1-47. 


366 


RUSSELL,  M.A.H.  Tobacco  dependence:  Is  nicotine  rewarding  or  aversive?  In: 
Krasnegor,  N.A.  (ed.)  Cigarette  Smoking  as  a  Dependence  Process,  NIDA  Research 
Monograph  23.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  79-800,  January  1979,  pp. 
100-122. 

SAMSONOWITZ,  V.,  SJOBERG,  L.  VoUtional  problems  of  socially  adjusted  alcohol- 
ics. Addictive  Behaviors  6:385-398,  1981. 

SANDAHL,  C.  Determinants  of  relapse  among  alcoholics:  A  cross-cultural  replication 
study.  International  Journal  of  the  Addictions  19(8):833-848,  1984. 

SAUNDERS,  W.,  PHIL,  M.,  KERSHAW,  P.  Spontaneous  remission  from  alcoholism— 
A  community  study.  British  Journal  of  Addiction  74:251-265,  1979. 

SAVAGE,  L.J.,  SIMPSON,  D.D.  Criminal  behaviors  of  opioid  addicts  during  a  four- 
year  foUowup  after  drug  abuse  treatment.  IBR  Report.  Fort  Worth,  Texas: 
Institute  of  Behavioral  Research,  1979,  pp.  79-12. 

SCHASRE,  R.  Cessation  patterns  among  neophjrte  heroin  users.  International  Journal 
of  the  Addictions  l(2):23-32,  1966. 

SCHINDLER,  C.W.,  KATZ,  J.L.,  GOLDBERG,  S.R.  The  use  of  second-order  schedules 
to  study  the  influence  of  environmental  stimuli  on  drug  seeking  behavior.  In:  Ray, 
B.  (ed.)  NIDA  Technical  Review  on  Learning  Factors  in  Substance  Abuse,  NIDA 
Research  Monograph.  U.S.  Department  of  Health  and  Human  Services,  Public 
Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  Nation- 
al Institute  on  Drug  Abuse,  in  press. 

SCHUMAN,  L.M.  Patterns  of  smoking  behavior.  In:  Jarvik,  M.E.,  CuUen,  J.W.,  Gritz, 
E.R.,  Vogt,  T.M.,  West,  L.J.  (eds.)  Research  on  Smoking  Behavior,  NIDA  Research 
Monograph  17.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 
Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 
Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  78-581,  1977,  pp.  36-66. 

SCHUSTER,  C.R.,  BALSTER,  R.L.  The  discriminative  stimulus  properties  of  drugs. 
In:  Thompson,  T.,  Dews,  P.B.  (eds.)  Advances  in  Behavioral  Pharmacology,  Volume 
1.  New  York:  Academic  Press,  1977,  pp.  85-138. 

SCHUSTER,  C.R.,  WOODS,  J.H.  Morphine  as  a  reinforcer  for  operant  behavior:  The 
effects  of  dosage  per  injection.  Report  to  Committee  on  Problems  of  Drug 
Dependence.  Washington,  D.C.:  National  Academy  of  Sciences,  1967,  pp. 
5067-5072. 

SCHUSTER,  C.R.,  WOODS,  J.H.  The  conditioned  reinforcing  effects  of  stimuli 
associated  with  morphine  reinforcement.  International  Journal  of  the  Addictions 
3(l):223-230,  Spring  1968. 

SCHWARTZ,  J.L.  Review  and  Evaluation  of  Smoking  Cessation  Methods:  The  United 
States  and  Canada,  1978-1986.  U.S.  Department  of  Health  and  Human  Services, 
Public  Health  Service,  National  Institutes  of  Health,  Publication  No.  87-2940, 
AprU  1987. 

SCHWARTZ,  J.L.  A  critical  review  and  evaluation  of  smoking  control  methods.  Public 

Health  Reports  84(6):483-506,  1969. 
SEIDEN,  L.S.,  BALSTER,  R.L.  (eds.)  Behavioral  Pharmacology.  The  Current  Status. 

New  York:  Alan  R.  Liss,  Inc.,  1985. 
SELLERS,  E.M.,  NARANJO,  C.A.,  HARRISON,  M.,  DEVENYI,  P.,  ROACH,  C, 

SYKORA,  K.  Diazepam  loading:  Simplified  treatment  of  alcohol  withdrawal. 

Clinical  Pharmacology  and  Therapeutics  34(6):822-^26,  1983. 
SHARP,  C.W.  (ed.)  Mechanisms  of  Tolerance  and  Dependence,  NIDA  Research 

Monc^raph  54.  U.S.  Department  of  Health  and  Human  Services,  Public  Health 

Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National 

Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM)  84-1330, 1984,  pp.  114-135. 


367 


SHIFFMAN,  S.M.  The  tobacco  withdrawal  sjmdrome.  In:  Krasnegor,  N.A.  (ed.) 

Cigarette  Smoking  as  a  Dependence  Process,  NIDA  Research  Monograph  23.  U.S. 

Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 

Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 

DHEW  Publication  No.  (ADM)  79-800,  1979,  pp.  15&-184. 
SHIFFMAN,  S.  Relapse  following  smoking  cessation:  A  situational  analysis.  Journal 

of  Consulting  and  Clinical  Psychology  50(l):71-86,  1982. 
SHIFFMAN,  S.  Cognitive  antecedents  and  sequelae  of  smoking  relapse  crises.  Journal 

of  Applied  Social  Psychology  14(3):296-309,  1984. 
SHIFFMAN,  S.,  SCHUMAKER,  S.A.,  ABRAMS,  D.B..  COHEN,  S.,  GARVEY,  A., 

GRUNBERG,  N.E.,  SWAN,  G.E.  Models  of  smoking  relapse.  Health  Psychology 

5(Supplement):13-27,  1986. 
SHUMAKER,  S.A.,  GRUNBERG,  N.E.  (eds.)  Proceedings  of  the  National  Working 

Conference  on  Smoking  Relapse.  Health  Psychology  5  (Supplement),  1986. 
SIEGEL,  S.  Evidence  from  rats  that  morphine  tolerance  is  a  learned  response.  Journal 

of  Comparative  and  Physiological  Psychology  89(5):498-506,  July  1975. 
SIEGEL,  S.  Morphine  analgesic  tolerance:  Its  situation  specificity  supports  a 

Pavlovian  conditioning  model.  Science  193(4250):323-325,  July  23,  1976. 
SIEGEL,  S.  A  Pavlovian  conditioning  analysis  of  morphine  tolerance.  In:  Krasnegor, 

N.A.  (ed.)  Behavioral  Tolerance:  Research  and  Treatment  Implications,  NIDA 

Research  Monograph  18.  U.S.  Department  of  Health,  Education,  and  Welfare, 

Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 

National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  78-559, 1978,  pp. 

27-47. 

SILER,  J.F.,  SHEEP,  W.L.,  BATES,  L.B.,  CLARK,  G.F.,  COOK,  G.W.,  SMITH,  W;A. 

Marijuana  smoking  in  Panama.  Military  Surgeon  73:269-280,  1933. 
SIMPSON,  D.D.  Employment  among  opioid  addicts  during  a  four-year  followup  setter 

drug  abuse  treatment.  Journal  of  Drug  Issues  11:435-449,  1981. 
SIMPSON,  D.D.,  CRANDALL,  R.,  SAVAGE,  L.J.,  PAVIA-KRUEGER,  E.  Leisure  of 

opiate  addicts  at  post-treatment  foUovmp.  Journal  of  Counseling  Psychology 

28(l):36-39,  1981. 

SIMPSON,  D.D.,  JOE,  G.W.,  LEHMAN,  W.E.K.  Addictions  Careers:  Summary  of 
Studies  Based  on  the  DARP  12-year  Followup.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
86-1420,  1986. 

SIMPSON,  D.D.,  LLOYD,  M.R.  Client  evaluations  of  drug  abase  treatment  in  relation 
to  follow-up  outcomes.  Ameritxin  Journal  of  Drug  and  Alcohol  Abuse  6(4):397-411, 
1979. 

SIMPSON,  D.D.,  MARSH,  KX.  Relapse  and  recovery  among  opioid  addicts  12  years 
after  treatment.  In:  Tims,  F.M.,  Leukefeld,  C.G.  (eds.)  Relapse  and  Recovery  in 
Drug  Abuse,  NIDA  Research  Monograph  72.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Hecdth 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
86-1473,  1986. 

SIMPSON,  D.D.,  SAVAGE,  L.J.,  LLOYD,  M.R.  Follow-up  evaluation  of  treatment  of 
drug  abuse  during  1969  to  1972.  Archives  of  General  Psychiatry  36:772-780,  1979. 

SIMPSON,  D.D.,  SELLS,  S.B.  Effectiveness  of  treatment  for  dri^  abuse:  An  overview 
of  the  DARP  Research  Program.  Advances  in  Alcohol  and  Substance  Abuse 
2(l):7-29,  1982. 

SKINNER,  B.F.  The  Behavior  of  Organisms:  An  Experimental  Analysis.  New  York:  D. 

Appleton-Century  Company,  1938. 
SKINNE91,  B.F.  Science  and  Human  Behavior.  New  York:  MacMillan,  1953. 
SLATER,  E.J.,  LINN,  M.W.  Predictors  of  rehospitalization  in  a  male  alcoholic 

population.  American  Journal  of  Drug  and  Alcohol  Abuse  9(2):211-220, 1982-1983. 


368 


SMITH,  D.E.  Diagnostic,  treatment  and  aftercare  approaches  to  cocaine  abuse.. 
Journal  of  Substance  Abuse  Treatment  1:5-9,  1984. 

SMITH,  D.I.  Evaluation  of  a  riesidential  AA  programme  for  women.  Alcohol  and 
Alcoholism  20:315-327,  1985. 

SMITH,  T.E.  Drug  Education  with  Adolescent  Marijuana  Abusers.  Doctoral  disserta- 
tion, University  of  Washington,  Dissertation  Abstracts  International  42,  5251A, 
1982. 

SORENSEN,  J.L.,  GIBSON,  D.  Community  network  approach  to  drug  abuse  treat- 
ment. Bulletin  of  the  Society  of  Psychologists  in  Addictive  Behaviors  2:99-102, 
1983. 

SPEALMAN,  R.D.,  GOLDBERG,  S.R.  Drug  self-administration  by  laboratory  animals: 
Control  by  schedules  of  reinforcement.  Annual  Review  of  Pharmacology  and 
Toxicology  18:313-339,  1978. 

SPECK,  R.V.,  ATTNEAVE,  C.L.  Family  Networks.  New  York:  Pantheon,  1973. 

SPYRAKI,  C,  FIBIGER,  H.C.,  PHILLIPS,  A.G.  Cocaine-induced  place  preference 
conditioning:  Lack  of  effects  of  neuroleptics  and  6-hydroxydopamine  lesions.  Brain 
Research  253(1-2): 195-203,  December  16,  1982. 

STALL,  R.  An  examination  of  spontaneous  remission  from  problem  drinking  in  the 
bluegrass  region  of  Kentucky.  Journal  of  Drug  Issues  13(2):191-206,  1983. 

STALL,  R.,  BIERNACKI,  P.  Spontaneous  remission  from  the  problematic  use  of 
substances:  An  inductive  model  derived  from  a  comparative  analysis  of  the  alcohol, 
opiate,  tobacco,  and  food/obesity  literatures.  International  Journal  of  the  Addic- 
tions 21(l):l-23,  1986. 

STANTON,  M.D.  Family  treatment  of  drug  problems:  A  review.  In:  Shapiro,  D.H., 
Walsh,  R.N.  (eds.)  Meditation:  Classic  and  Contemporary  Perspectives.  New  York: 
Aldine,  1978,  pp.  105-120. 

STANTON,  M.D.  The  client  as  a  family  member:  Aspects  of  continuing  treatment.  In: 
Brown,  B.S.  (ed.)  Addicts  and  Aftercare.  Beverly  Hills,  California:  S^e,  1979,  pp., 
81-102. 

STANTON,  M.D.,  TODD,  T.C.,  STEIER.  Structural  family  therapy  with  drug  addicts. 

In:  Kaufman,  E.,  Kaufman,  P.  (eds.)  Family  Therapy  of  Drug  and  Alcohol  Abuse. 

New  York:  Gardner,  1979. 
STEAD,  P.,  VIDERS,  J.  A  "SHARP"  approach  to  treating  alcoholism.  Social  Work 

24:144-149,  1979. 

STEPHENS,  R.,  COTTRELL,  E.A.  A  follow-up  study  of  200  narcotic  addicts  committed 

for  treatment  under  the  Narcotic  Addict  Rehabilitation  Act  (NARA).  British 

Journal  of  Addiction  67:45-53,  1971. 
STEWART,  J.,  DE  WIT,  H.,  EIKELBOOM,  R.  Role  of  unconditioned  and  conditioned 

drug  effects  in  the  self-admimstfation  of  opiates  and  stimulants.  Psychological 

Review  91(2):251-268,  1984. 
STEWART,  R.B.,  GRUPP,  L.A.  Some  determinants  of  the  motivational  properties  of 

ethanol  in  the  rat:  Concurrent  administration  of  food  or  social  stimuli.  Psychophar- 

macology  87:43-50,  1985. 
STITZER,  M.L.,  BIGELOW,  G.E.  Contingent  reinforcement  for  reduced  breath  carbon 
•  monoxide  levels:  Target-specific  effects  on  cigarette  smokii^.  Addictive  Behaviors 

10:345-349,  1985. 

STITZER,  M.L.,  BIGELOW,  G.E.,  LIEBSON,  I.A.,  HAWTHORNE,  J.W.  Contingent 
reinforcement  for  benzodiazepine-free  urines:  Evaluation  of  a  drug  abuse  treat- 
ment intervention.  Journal  of  Applied  Behavior  Analysis  15(4):493-503,  Winter 
1982. 

STITZER,  M.L.,  BIGELOW,  G.E.,  LIEBSON,  I.A.,  McCAUL,  M.E.  Contingency 
management  of  supplemental  drug  use  during  methadone  maintenance  treatment. 
In:  Grabowski,  J.,  Stitzer,  M.L.,  Henningfield,  J.E.  (eds.)  Behavioral  Intervention 
Techniques  in  Drug  Abuse  Treatment,  NIDA  Research  Monograph  46.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  Publication  No.  (ADM)  84-1282,  July  1984,  pp.  84-103. 


369 


STITZER,  M.L.,  BIGELOW,  G.E.,  McCAUL,  M.E.  Behavioral  approaches  to  drug 
abuse.  Progress  in  Behavior  Modification,  Volume  14.  New  York:  Academic  Press, 
1983,  pp.  49-124. 

STITZER,  M.L.,  GRIFFITHS,  R.R.,  BIGELOW,  G.E.,  LIEBSON,  LA.  Social  stimulus 
factors  in  drug  effects  in  human  subjects.  In:  Thompson,  T.,  Johanson,  C.E.  (eds.) 
Behavioral  Pharmacology  of  Human  Drug  Dependence,  NIDA  Research  Mono- 
graph 37.  U.S.  Department  of  Health  and  Human  Services,  Public  Health  Service, 
Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on 
Drug  Abuse.  U.S.  DHHS  Publication  No.  (ADM)  83-1137,  1981,  pp.  130-154. 

STITZER,  M.L.,  GROSS,  J.  Smoking  relapse:  The  role  of  pharmacological  and 
beliavioral  factors.  In:  Pomerleau,  O.F.,  Pomerleau,  C.S.,  Fagerstrom,  K.O., 
Henningfield,  J.E.,  Hughes,  J.R.  (eds.)  Nicotine  Replacement.  A  Critical  Evalu- 
ation. New  York:  Alan  R.  Liss,  Inc.,  1988,  pp.  163-184. 

STITZER,  M.,  MORRISON,  J.,  DOMINO,  E.F.  Effects  of  nicotine  on  fixed-interval 
behavior  and  their  modification  by  cholinergic  antagonists.  Journal  of  Pharmacol- 
ogy and  Experimental  Therapeutics  171:166-177,  1970. 

SUE,  D.  Use  and  abuse  of  alcohol  by  Asian  Americans.  Journal  of  Psychoactive  Drugs 
19(l):57-66,  1987. 

SUTKER,  P.  MMPI  Subtypes  and  antisocial  behaviors  in  adolescent  alcohol  and  drug 
abuser.  Drug  and  Alcohol  Dependence  13:235-244,  1984. 

SUTTON,  S.R.  Interpreting  relapse  curves.  Journal  of  Consulting  and  Clinical 
Psychology  47(l):96-98,  February  1979. 

SUZUKI,  T.,  KOIKE,  Y.,  YANAURA,  S.,  GEORGE,  F.R.,  MEISCH,  R.A.  Genetic 
differences  in  the  development  of  phs^ical  dependence  oh  pentobarbital  in  four 
inbred  strains  of  rats.  Japanese  Journal  of  Pharmacology  45:479-486,  1987. 

SUZUKI,  T.,  KOIKE,  Y.,  YOSHU,  T.,  YANAURA,  S.  Sex  differences  in  the  induction 
of  physical  dependence  on  pentobarbital  in  the  rat.  Japanese  Journal  of  Pharma- 
cology 39:453-459,  1985. 

SUZUKI,  T.,  SHIMADA,  M.,  YOSHII,  T.,  UESUGI,  J.,  YANAURA,  S.  Development  of 
physical  dependence  on  and  tolerance  to  morphine  in  rats  treated  with  morphine- 
admixed  food.  Progress  in  Neuro-PsychopharmacoU^  and  Biological  Psychiatry 
7(1):63-71,  1983. 

SWAN,  G.E.,  ROSENMAN,  R.H.,  PARKER,  J.S.,  DENK.  C.E.  Identification  of 
Variables  Associated  with  Maintenance  of  Nonsmoking  in  Bhc-Smokers:  The 
Northern  California  Smoking  Relapse  Study.  Final  R^rt  Menlo  Park,  California: 
SRI  International,  1985. 

TATUM,  A.L.,  SEEVERS,  M.H.  Experiniental  cocaine  addiction.  Journal  of  Pharma- 
cology and  Experimental  Therapeutics  36:401-410,  1929. 

TAYLOR,  I.J.,  TAYLOR,  B.J.  (eds.)  Double  diagnosis:  Double  dUemma.  The  polyaddic- 
tions:  Alcoholism,  substance  abuse,  smoking,  gambling.  Journal  of  Clinical 
Psychiatry  45(12  Section  2):9-13,  1984. 

TENNANT,  F.S.  Jr.,  RAWSON,  R.A.,  McCANN,  M.A.  Withdrawal  of  chronic 
phencyclidine  (PGP)  dependence  with  desipramine.  American  Journal  of  Psychia- 
try 138:845-847,  1981. 

TERNES,  J.W.  An  opponent  process  theory  of  habitual  behavior  with  special 
references  to  smoking.  In:  Jarvik,  M.E.,  Cullen,  J.W.,  Gritz,  E.R.,  Vogt,  T.M.,  West, 
L.J.  (eds.)  Research  on  Smoking  Behavior,  NIDA  Research  Monograph  17.  U.S. 
Department  of  Health,  Education,  and  Welfare,  Public  Health  Service,  Alcohol, 
Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug 
Abuse.  DHEW  Publication  No.  (ADM)  78-581,  December  1977,  pp.  157-185. 

TERRY,  C.E.,  PELLENS,  M.  The  Opium  Problem.  Montclair,  New  Jersey:  Patterson 
Smith,  1970. 

THOMPSON,  T.  Behavioral  mechanisms  of  drug  dependence.  In:  Thompson,  T.,  Dews, 
P.B.,  Barrett,  J.E.  (eds.)  Advances  in  Behavioral  Pharmacology,  Volume  4.  Orlando: 
Academic  Press,  1984,  pp.  1-45. 


370 


THOMPSON,  T.,  JOHANSON,  C.E.  (eds.)  Behavioral  Pharmacology  of  Human  Drug 
Dependence,  NIDA  Research  Monograph  37.  U.S.  Department  of  Health  and 
Human  Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 

81-  1137,  July  1981. 

THOMPSON,  T.,  KOERNER,  J.,  GRABOWSKI,  J.  Brokerage  model  rehabUitation 
sjrstem  for  opiate  dependence:  A  behavioral  analsrsis.  In:  Grabowski,  J.,  Stitzer, 
M.L.,  Henningfield,  J.E.  (eds.)  Behavioral  Intervention  Techniques  in  Drug  Abuse 
Treatment,  NIDA  Research  Monograph  46.  U.S.  Department  of  Health  and  Human 
Services,  Public  Health  Services,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
84-1282,  1984,  pp.  131-146. 

THOMPSON,  T.,  OSTLUND,  W.  Jr.  Susceptibility  to  readdiction  as  a  function  of  the 
addiction  and  withdrawal  environments.  Journal  of  Comparative  and  Physiologi- 
cal Psychology  60(3):388-392,  1965. 

THOMPSON,  T.,  SCHUSTER,  C.R.  Morphine  self-administration,  food-reinforced  and 
avoidance  behaviors  in  rhesus  monkeys.  Psychopharmacologia  5:87-94,  1964. 

THOMPSON,  T.,  SCHUSTER,  C.R.  Behavioral  Pharmacology.  Englewood  Gliffe,  New 
Jersey:  Prentice-Hall,  Inc.,  1968. 

THOMPSON,  T.,  UNNA,  K.R.  (ed.)  PredicUr^  Dependence  Liability  of  Stimulant  and 
Depressant  Drugs.  Baltimore:  University  Park  Press,  1977. 

THORPE,  J.,  PERRET,  J.  Problem  drinking— A  follow-up  study.  Archives  of  Industri- 
al Health  19:24^2,  1959. 

TIFFANY,  S.T.,  MARTIN,  E.M.,  BAKER,  T.B.  Treatments  for  cigarette  smoking:  An 
evaluation  of  the  contributions  of  aversion'  and  counseling  procedures.  Behaviour 
Research  and  Therapy  24{4):4S7-452,  1986. 

TIMS,  F.M.,  LEUKEFELD,  C.G.  Relapse  and  Recovery,  NIDA  Research  Monograph 
72.  U.S.  Department  of  Health  and  Human  Services,  Public  Health  Service, 
Alcohol,  Drug  Abuse,  and  Mental  Health  Administration,  National  Institute  on 
Drug  Abuse.  DEHIS  Publication  No.  (ADM)  86-1473,  1986. 

TIMS,  F.M.,  LUDFORD,  J.P.  (eds.)  Drug  Abuse  Treatment  Evaluation:  Strategies, 
Progress,  and  Prospects,  NIDA  Research  Monograph  51.  U.S.  Department  of  Health 
and  Human  Sendees,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental 
Health  Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No. 
(ADM)  84-1329,  1984. 

TODD,  T.C.  A  contingency  analysis  of  family  treatment  and  drug  abuse.  In: 
Grabowski,  J.,  Stitzer,  M.L.,  Henningfield,  J.E.  (eds.)  Behavioral  Intervention 
Techniques  in  Drug  Abuse  Treatment,  NIDA  Research  Monograph  46.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  Publication  No.  (ADM)  84-1282,  pp.  104-114,  1984. 

TUCHFELD,  B.  Spontaneous  remission  in  alcoholics:  Empirical  obseirvations  and 
theoretical  implications.  Journal  of  Studies  on  Alcohol  42(7):626-641,  1981. 

TUCKER,  J.A.,  VUCHINICH,  R.E.,  HARRIS,  C.V.  Determinants  of  substance  abuse 
relapse.  In:  Galizio,  M.,  Maisto,  S.A.  (eds.)  Determinants  of  Substance  Abuse. 
Biological,  PsychoU^ical,  and  Environmental  Factors.  New  York:  Plenum  Press, 
1985. 

TYE,  J.B.,  WARNER,  K.E.,  GLANTZ,  S.A.  Tobacco  advertising  and  consumption: 
Evidence  of  a  causal  relationship.  Journal  of  Public  Health  Policy  492-608,  Winter 
1987. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Smoking:  Cancer.  A  Report  of  the  Surgeon  General.  U.S.  Department  of 
Health  and  Human  Services,  Public  Health  Service,  Office  of  the  Assistant 
Secretary  for  Health,  Office  on  Smoking  and  Health.  DHHS  Publication  No.  (PHS) 

82-  50179,  1982. 


371 


U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  The  Health  Conse- 
quences of  Involuntary  Smoking.  A  Report  of  the  Surgeon  General.  U.S.  Depart- 
ment of  Health  and  Human  Services,  Public  Health  Service,  Centers  for  Disease 
Control.  DHHS  Publication  No.  87-8398,  1986. 

U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES.  Drug  Abuse  and  Drug 
Abuse  Research.  The  Second  Triennial  Report  to  Congress  from  the  Secretary.  U.S. 
Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 
Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 
DHHS  Publication  No.  (ADM)  87-1486,  1987. 

VAILLANT,  G.E.  A  12-year  follow-up  of  New  York  narcotic  addicts:  I.  The  relation  of 
treatment  to  outcome.  American  Journal  of  Psychiatry  122:727-737,  1966a. 

VAILLANT,  G.E.  A  12-year  follow-up  of  New  York  narcotic  addicts:  H.  The  natural 
history  of  a  chronic  disease.  New  England  Medical  Journal  275:1282-1288,  1966b. 

VAILLANT,  G.E.  The  natural  history  of  narcotic  drug  addiction.  Seminars  in 
Psychiatry  2(4):486-490,  November  1970. 

VAILLANT,  G.E.  The  Natural  History  of  Alcoholism.  Cambridge,  Massachusetts: 
Harvard  University  Press,  1982. 

VAILLANT,  G.E.,  MILOFSKY,  E.S.  Natural  history  of  male  alcoholism.  IV.  Paths  to 
recovery.  Archives  of  General  Psychiatry  39:127-133,  1982. 

VAN  DER  KOOY,  D.  Place  conditioning:  A  simple  and  effective  method  for  assessing 
the  motivational  properties  of  drugs.  In:  Bozarth,  M.A.  (ed.)  Methods  of  Assessing 
the  Reinforcing  Properties  of  Abused  Drugs.  New  York:  Springer-Verlag,  1987,  pp. 
229-240. 

VAN  DIJK,  W.K.,  VAN  DIJK-KOFFEMAN,  A.  A  follow-up  study  of  211  treated  male 

alcoholic  addicts.  British  Journal  of  Addiction  68:3-24,  1973. 
VAN  HASSELT,  V.B.,  HERSEN,  M.,  MILLIONES,  J.  Social  skills  training  for 

alcoholics  and  drug  addicts:  A  review.  Addictive  Behaviors  3:221-233,  1978. 
VOEGTLIN,  W.,  BROZ,  W.R.  The  conditioned  reflex  treatment  of  chronic  alcoholism. 

X.  An  analysis  of  3125  admissions  over  a  period  of  ten  and  ia  half  years.  Annals  of 

Internal  Medicine  30:580-597,  1949. 
VUCHINICH,  R.W.,  TUCKER,  J.A.  Identifying  the  determinants  of  alcoholic  relapse. 

In:  Galizio,  M.,  Maisto,  S.A.  (eds.)  Determinants  of  Substance  Abuse  Relapse: 

Biological,  Psychological,  and  Environmental  Factors.  New  York:  Plenum,  1985. 
WALDORF,  D.  Natural  recovery  from  opiate  addiction:  Some  social-psychological 

processes  of  untreated  recovery.  Journal  of  Drug  Issues  13:237-281,  1983. 
WALDORF,  D.,  BIERNACKI,  P.  Natural  recovery  from  opiate  addictions:  A  review  of 

the  incidence  literature.  Journal  of  Drug  Issues  9(2):282-289,  1979. 
WALDORF,  D.,  BIERNACKI,  P.  The  natural  recovery  from  opiate  addiction:  Some 

preliminary  findings.  Journal  of  Drug  Issues  9:61-74,  1981. 
WALLACE,  R.K.  Physiological  effects  of  transcendental  meditation.  Science 

167(3926):1751-1754,  March  27,  1970. 
WALSH,  J.M.,  YOHAY,  S.C.  Drug  and  Alcohol  Abuse  in  the.  Workplace:  A  Guide  to 

the  Issues.  Washington,  D.C.:  National  Foundation  for  the  Study  of  Equal 

Employment  Policy,  1987. 
WARNER,  K.E.  Cigarette  excise  taxation  and  interstate  smuggling:  An  assessment  of 

recent  activity.  National  Tax  Journal  35:483-490,  1982. 
WARNER,  K.E.  The  economics  of  smoking:  Dollars  and  sense.  New  York  State 

Journal  of  Medicine  83(13): 1273-1274,  1983. 
WARNER,  K.E.  Smoking  and  health  implications  of  a  change  in  the  Federal  cigarette 

excise  tax.  Journal  of  the  American  Medical  Association  255(8):1028-1032,  1986a. 
WARNER,  K.E.  Selling  Smoke:  Cigarette  Advertising  and  Public  Health.  Washington, 

D.C.:  American  Public  Health  Association,  1986b. 
WARNER,  K.E.,  MURT,  H.A.  Economic  incentives  for  health.  Annual  Review  of 

Public  Health  5:107-133,  1984. 


372 


WATSON,  D.W.,  MAISTO,  S.A.  A  review  of  the  effectiveness  of  assertiveness  training 

in  the  treatment  of  alcohol  abusers.  Behavioural  Psychotherapy  11:36-49,  1983. 
WAY,  E.L.,  LOH,  H.H.,  SHEN,  F.-H.  Simultaneous  quEuititative  assessment  of 

morphine  tolerance  and  phsrsical  dependence.  Journal  of  Pharmacology  and 

Experimental  Therapeutics  167(l):l-8,  May-June  1969. 
WEEKS,  J.R.  Experimental  morphine  addiction:  Method  for  automatic  intravenous 

injections  in  unrestrained  rats.  Science  138(3537):143-144,  October  12,  1962. 
WEIL,  A.T.,  ZINBERG,  N.E.,  NELSEN,  J.M.  Clinical  and  psychoI<^cal  effects  of 

marihuana  in  man.  Science  162:1234-1242,  1968. 
WEINBERGER,  S.M.,  KANDALL,  S.R.,  DOBERCZAK,  T.M.,  THORNTON,  J.C., 

BERNSTEIN,  J.  Early  wei^ht-chai^  patterns  in  neonatal  abstinence.  American 

Journal  of  Diseases  of  Children  140:829-832,  1986. 
WELLISCH,  D.,  KAUFMAN,  E.  Family  therapy.  In:  Senay,  E.,  Shorty,  V.,  Alkene,  N. 

(eds.)  Developments  in  the  Meld  of  Drug  Abuse.  Cambridge,  Massachusetts: 

Schenkman,  1975. 

WELLS,  E.A.,  HAWKINS,  J.D.,  CATALANO,  R.F.  Choosing  drug  use  measures  for 

treatment  outcome  studies:  The  influence  of  measurement  approach  on  treatment 

results.  International  Journal  of  the  Addictions,  in  press. 
WELTE,  J.W.,  BARNES,  G.M.  Youthful  smoking:  Patterns  and  relationships  to 

alcohol  and  other  drug  use.  Journal  of  Adolescence  10:327-340,  1987. 
WENGER,  G.R.  Tolerance  to  phencyclidine  in  pigeons:  Cross-tolerance  to  ketamine. 

Journal  of  Pharmacology  and  Experimental  Therapeutics  225(3):646-652,  1983. 
WESSON,  D.R.,  HAVASSY,  B.E.,  SMITH,  D.E.  Theories  of  relapse  and  recovery  and 

their  implications  for  drug  abuse  treatment.  In:  Tims,  F.M.,  Leukefeld,  C.G.  (eds.) 

Relapse  and  Recovery  in  Drug  Abuse,  NIDA  Research  Monograph  72.  U.S. 

Department  of  Health  and  Human  Services,  Public  Health  Service,  Alcohol,  Drug 

Abuse,  and  Mental  Health  Administration,  National  Institute  on  Drug  Abuse. 

DHHS  Publication  No.  (ADM)  86-1473,  1986. 
WEST,  R.J.,  RUSSELL,  M.A.H.  Effects  of  withdrawal  from  long-term  nicotine  gum 

use.  Psychological  Medicine  15(4):891-893,  November  1985. 
WHITTAKER,  J.K.,  GARBAMNO,  J.  et  al.  Social  SuppoH  Networks:  Informal 

Helping  in  the  Human  Services.  Hawthorne,  New  York:  Aldine,  1983. 
WIKLER,  A.  Recent  progress  in  research  on  the  neurophysiologic  basis  of  morphine 

addiction.  American  Journal  of  Psychiatry  105(5):329-338,  November  1948. 
WIKLER,  A.  Conditioning  factors  in  opiate  addiction  and  relapse.  In:  Wilner,  D.M., 

Kassebaum,  G.G.  (eds.)  Narcotics.  New  York:  McGraw-Hill,  1965,  pp.  85-100. 
WIKLER,  A.  Requirements  for  extinction  of  relapse-facilitating  variables  and  for 

rehabilitation  in  a  narcotic-antagonist  program.  Advances  in  Biochemistry  and 

Psychopharmacology  8:399-414,  1973. 
WIKLER,  A.,  PESCOR,  F.T.  Classical  conditioning  of  a  morphine  abstinence 

phenomenon,  reinforcement  of  opioid-drinking  behavior  and  "relapse"  in  mor- 
phine-addicted rats.  Psychopharmacologia  (Berlin)  10:255-284,  1967. 
WINGER,  G.,  WOODS,  J.H.  The  reinforcing  property  of  ethanol  in  the  rhesus 

monkeys:  I.  Initiation,  maintenance  and  termination  of  intravenous  ethanol- 

reinforced  responding.  Annals  of  the  New  York  Academy  of  Science  215:162-175, 

1973. 

WINICK,  C.  Maturing  out  of  narcotic  addiction.  Bulletin  on  Narcotics  14:1-7,  1962. 
WOLF,  K.,  KERR,  D.M.  Companionship  therapy  in  the  treatment  of  drug  dependency. 

In:  Brown,  B.S.  (ed.)  Addicts  and  Aftercare.  Beverly  Hills,  California:  Sage,  1979. 
WOLPE,  J.  Conditioned  inhibition  of  craving  in  drug  addiction:  A  pilot  experiment. 

Behavior  Research  and  Therapy  2:285-288,  1965. 
WOOD,  D.M.,  EMMETT-OBLESBY,  M.W.  Evidence  for  dopaminergic  involvement  in 

tolerance  to  the  disciriminative  stimulus  properties  of  cocsune.  European  Journal 

of  Pharmacology  138:155-157,  1987. 


373 


WOODS,  J.H.  Narcotic-reinforced  responding:  A  rapid  evaluation  procedure.  Drug 
and  Alcohol  Dependence  5(3):223-230,  March  1980. 

WOODS,  J.H.,  IKOMI,  F.,  WINGER,  G.  The  reinforcing  property  of  ethanol.  In: 
Roach,  M.K.,  Mclsaac,  W.M.,  Creaven,  P.J.  Biological  Aspects  of  Alcoholism. 
Austin:  University  of  Texas  Press,  1971,  pp.  371-388. 

WOODY,  G.E.,  McLELLAN,  A.T.,  O'BRIEN,  CP.  Treatment  of  behavioral  and 
psychiatric  problems  associated  with  opiate  dependence.  In:  Grabowski,  J.,  Stitzer, 
M.L.,  Henningfield,  J.E.  (eds.j  Behavioral  Intervention  Techniques  in  Drug  Abuse 
Treatment,  NIDA  Research  Monograph  46.  U.S.  Department  of  Health  and  Human 
Services,  Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  National  Institute  on  Drug  Abuse.  DHHS  Publication  No.  (ADM) 
84-1282,  1984,  pp.  23-36. 

WOOLVERTON,  W.L.,  SCHUSTER,  C.R.  Behavioral  tolerance  to  cocaine.  In:  Krasne- 
gor,  N.A.  (ed.)  Behavioral  Tolerance:  Research  and  Treatment  Implications,  NIDA 
Research  Monograph  18.  U.S.  Department  of  Health,  Education,  and  Welfare, 
Public  Health  Service,  Alcohol,  Drug  Abuse,  and  Mental  Health  Administration, 
National  Institute  on  Drug  Abuse.  DHEW  Publication  No.  (ADM)  78-551, 1978,  pp. 
127-141.      ,  . 

WOOLVERTON,  W.L.,  SCHUSTER,  C.R.  Behavioral  and  pharmacological  aspect  of 
opioid  dependence:  Mixed  agonist-antagonists.  Pharmacological  Review 
35(l):33-52,  1983. 

WORLD  HEALTH  ORGANIZATION.  Expert  Committee  on  Dru^  Liable  to  Produce 

Addiction,  Third  Report,  World  Health  Organization  Technical  Report  Series  No. 

57.  Geneva:  World  Health  Organization,  March  1952. 
WORLD  HEALTH  ORGANIZATION.  WHO  Expert  Committee  on  Addiction-Produc- 
ing Drugs,  Thirteenth  Report,  World  Health  Organization  Technical  Report  Series 

No.  273.  Geneva:  World  Health  Organization,  1964. 
WORLD  HEALTH  ORGANIZATION.  WHO  Expert  Committee  on  Drug  Dependence. 

Sixteenth  Report,  World  Health  Organization  Technical  Report  Series  No.  407. 

Geneva:  World  Health  Organization,  1969. 
WORLD  HEALTH  ORGANIZATION.  5th  Review  of  Psychoactive  Substances  for 

International  Control.  Geneva:  World  Health  Organization,  November  16-20, 1981. 
YAMAGUCHI,  K.,  KANDEL,  D.B.  Patterns  of  drug  use  from  adolescence  to  young 

adulthood:  II.  Sequences  of  progression.  American  Journal  of  Public  Health 

74(7):668-672,  July  1984a. 
YAMAGUCHI,  K.,  KANDEL,  D.B.  Patterns  of  drug  use  from  adolescence  to  young 

adulthood:  III.  Predictors  of  progression.  American  Journal  of  Public  Health 

74(7):673-681,  July  1984b. 
YANAGITA,  T.  An  experimental  framework  for  evaluation  of  dependence  liability  of 

various  types  of  drugs  in  monkeys.  Bulletin  on  Narcotics  25(4):57-64,  1973. 
YANAGITA,  T.  Brief  review  on  the  use  of  self-administration  techniques  for 

predicting  drug  dependence  potential.  In:  Thompson,  T.,  Unna,  K.R.  (eds.) 

Predicting  Dependence  Liability  of  Stimulant  and  Depressant  Drugs.  Baltimore: 

University  Park  Press,  1977,  pp.  231-242, 
YANAGITA,  T.  Self-administration  studies  on  psycholc^cal  dependence.  Trends  in 

Pharmacological  Sciences  :161-164,  1980. 
YANAGITA,  T.  Dependence  characteristics  and  risk  assessment  of  agonist-antagonist 

analgesics.  Drug  and  Alcohol  Dependence  20:317-327,  1987. 
YANAGITA,  T.,  DENEAU,  G.A.,  SEEVERS,  M.H.  Physical  Dependence  to  Opiates  in 

the  Monkey.  Committee  on  Drug  Addiction  and  Narcotics,  National  Academy  of 

Sciences,  NRC,  Ann  Arbor,  Michigan,  1963. 
YANAGITA,  T.,  TAKAHASHI,  S.  Dependence  liability  of  several  sedative-hypnotic 

agents  evaluated  in  monkeys.  Journal  of  Pharmacology  and  Experimental  Thera- 
peutics 185(2):307-316,  1973. 


374 


YANAURA,  S.,  SUZUKI,  T.  Cross-dependence  between  phenobarbital  and  alcohol  in 

rats.  Japanese  Journal  of  Pharmacology  27:751,  1977. , 
YOKEL,  R.A.,  PICKENS,  R.  Drug  level  of  d-  and  1-amphetamine  during  intravenous 

self-administration.  Psychopharmacologia  (Berlin)  34:255-264,  1974. 
YOUNG,  A.M.,  HERLING,  S.  Drugs  as  reinforcers:  Studies  in  laboratory  animals.  In: 

Goldberg,  S.R.,  Stolerman,  LP.  (eds.)  Behavioral  Analysis  of  Drug  Dependence. 

London:  Academic  Press,  Inc.,  1986,  pp.  9-67. 
YOUNG,  G.A.,  STEINFELS,  G.F.,  KHAZAN,  N.  Spontaneous  vs.  naloxone-induced 

abstinence  in  dependent  rats  self-administering  L-alpha-acetylmethswlol  (LAAM) 

or  morphine.  Pharmacology  Biochemistry  and  Behavior  10:585-589,  1979. 
ZINBERG,  N.E.  Heroin  use  in  Vietnam  and  the  United  States:  A  contrast  and  a 

critique.  Archives  of  General  Psychiatry  26:486-488,  1972. 
ZINBERG,  N.E.  Nonaddictive  opiate  use.  In:  Dupont,  R.I.,  Goldstein,  A.,  O'Donnell,  J. 

(eds.)  Handbook  on  Drug  Abuse.  U.S.  Department  of  Health,  Education,  and 

Welfare,  Office  of  Drug  Abuse  Policy,  Executive  Office  of  the  President,  1979. 
ZINBERG,  N.E.,  JACOBSON,  R.C.  The  natural  history  of  "chipping".  American 

Journal  of  Psychiatry  133:37-40,  1976. 
ZWEBEN,  J.E.  Treating  cocaine  dependence:  New  challenges  for  the  therapeutic 

community.  Journal  of  Psychoactive  Drugs  18(3):239-245,  July-September  1986. 


375 


CHAPTER  VI 


EFFECTS  OF  NICOTINE 
THAT  MAY  PROMOTE  TOBACCO 

USE 


377 


CONTENTS 


Tobacco  Use,  Nicotine,  and  Human  Performance  382 

Attention  382 

Sustained  Attention  382 

Selective  Attention  385 

Distraction  385 

Learning  and  Memory  386 

Learning  386 

Immediate  Memory  388 

C!omparison  of  Immediate  and  Delayed 

Recall  388 

State-Dependent  Memory  389 

Problem  Solving  391 

Motor  Control  392 

Tremor  392 

Simple  Reaction  Time  392 

Choice  Reaction  Time  392 

Implications  for  Tobacco  Use  393 


Tobacco  Use,  Nicotine,  Stress,  and  Mood  Regulation . . .  394 
Subjective  Weil-Being,  Stress,  and  Mood 

Regulation  394 

Perceived  Functions  of  Smoking  395 

Stress  and  Smoking  399 

Stress  and  Smoking  Initiation  399 

Stress  and  Cigarette  Consumption  401 

Do  Smoking  and  Nicotine  Reduce  Stress  and  Im- 
prove Mood?  405 

Self-Reported  Stress  Reduction  and  Affect 

Modulation  405 

Behavioral  Indices  of  Stress  Reduction  and 

Affect  Modulation  406 

Su^ested  Mechanisms  Underljdng  Nicotine's  Ef- 
fects on  Stress  and  Mood  408 

An  Emphasis  on  Nicotine  Withdrawal 

Symptoms  408 

Neurochemical  Models  408 

Biphasic  Action  on  the  Sympathetic  Nervous 
System  409 


Altered  Body  Activity  410 

Hedonic  Systems  Model  411 

Lateralized  Affective  Processors  Model  412 

HjTJothalamic  Consummatory  Drive  Model.... 412 
Indirect  Models:  Psychological  Enhancement 

and  Sensory  Gratification  413 

Implications  for  Tobacco  Use  ,  413 


Tobacco  Use,  Nicotine,  and  Body  Weight  414 

The  Relationship  Between  Smoking  and  Body 

Weight  414 

Cross-Sectional  Eh^aluations  of  Smoking  and 

Body  Weight  415 

Longitudinal  Evaluations  of  Smoking  and 

Body  Weight  431 

The  Role  of  Nicotine  432 

Mechanisms  Underlying  the  Relationship  Between 

Smoking  and  Body  Weight  432 

Dietary  Intake  432 

Physical  Activity  .....434 

Metabolic  Rate  435 

Summary  of  Mechanisms  Literature  437 

Does  the  Relationship  Between  Smoking  and 
Weight  Promote  Either  the  Initiation  or  Mainte- 
nance of  Smoking  Behavior?  438 

Implications  for  Tobacco  Use  440 


Summary  and  Conclusions  441 


References  442 


380 


Despite  the  well-known  health  hazards  associated  with  cigarette 
smoking  and  tobacco  use,  more  than  50  million  Americans  continue 
to  use  these  products.  (See  Chapter  I  for  a  brief  review  of  health 
hazards  and  Appendix  A  for  prevalence  of  use  data.)  Chapter  IV 
presents  evidence  that  tobacco  use  is  an  orderly  form  of  drug-seeking 
behavior  that  involves  nicotine  self-administration.  It  is  clear  from 
Chapter  IV  that  tobacco  use  involves  several  biobehavioral  processes 
of  drug  dependence,  including  nicotine  reinforcement  and  withdraw- 
al. The  initiation  and  maintenance  of  this  dependence  process  may 
be  promoted  by  other  actions  of  nicotine.  For  example,  some 
cigarette  smokers  report  that  smoking  helps  them  to  think  better,  to 
cope  with  stress,  and  to  keep  body  weight  under  control.  The  fact 
that  people  believe  that  tobacco  use  has  these  effects  may  contribute 
to  initiation,  maintenance,  and  relapse. 

This  Chapter  examines  the  evidence  on  the  following  three  effects 
of  nicotine: 

•  enhancement  of  human  performance 

•  control  of  stress  responses 

•  control  of  body  weight. 

These  particular  topics  are  presented  because  there  is  scientific 
literature  relevant  to  each  topic  and  because  nicotine  has  been 
suggested  to  be  central  to  each  of  these  effects. 

The  three  topics  are  discussed  separately  in  this  Chapter  because 
the  substantive  material  and  relevant  data  are  distinctly  different 
for  each  topic.  Also,  the  research  on  each  topic  is  at  a  markedly 
different  evidentiary  stage  at  this  time.  Whereas  studies  on  nicotine 
and  performance  are  intriguing,  there  are  some  serious  methodologi- 
cal concerns  that  force  caution  in  the  interpretation  of  the  av£iilable 
experimental  investigations.  In  contrast,  the  relationship  between 
stress  and  smoking  (i.e.,  that  stress  increases  smoking)  is  well 
documented  by  self-report  data,  and  several  investigators  have 
offered  detailed  theoretical  explanations  and  mechanisms  to  account 
for  this  phenomenon.  However,  much  of  this  speculation  has 
preceded  experimental  investigations.  In  still  another  stage  of 
investigation,  extensive  data  have  been  gathered  on  the  relationship 
between  cigarette  smoking  and  body  weight,  and  laboratory  studies 
have  carefully  assessed  the  role  of  nicotine.  Explanations  for  the 
relationship  between  nicotine  and  body  weight  are  based  on  investi- 
gations that  were  designed  to  test  specific  variables  involved  in  this 
relationship.  All  three  topics  are  currently  receiving  research 
attention  and  are  considered  to  be  important  areas  for  more 
extensive  investigation.  This  Chapter  is  meant  to  complement  the 
information  presented  in  Chapter  TV  to  provide  a  more  complete 
understanding  of  tobacco  use.  Most  of  the  studies  discussed  in  this 
chapter  have  examined  effects  of  cigarette  smoking.  Some  studies 
present  data  on  effects  of  nicotine  alone.  The  similarity  in  findings  of 
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these  two  types  of  studies  supports  the  conclusion  that  nicotine  is 
r^ponsible  for  the  effects  of  cigarette  smoking. 

Tobacco  Use,  Nicotine,  and  Human  Performance 

Some  cigarette  smokers  believe  and  report  that  smoking  helps 
them  to  think  and  to  concentrate  (Russell,  Peto,  Patel  1974).  These 
possibilities  have  been  studied  in  the  laboratory  using  several 
different  tasks.  Unfortunately,  this  research  literature  has  method- 
ological limitations.  Most  of  the  published  studies  compare  smokers 
smoking  with  smokers  not  smoking.  Few  studies  have  included 
nonsmokers  not  smoking  as  a  control  group.  When  smokers  smoking 
perform  better  than  smokers  not  smoking,  it  is  impossible  to  know  if 
smoking  actually  improved  performance,  if  abstinence  from  smoking 
impaired  performance,  or  both.  In  addition,  most  studies  allowing 
smoking  and  evaluating  performance  did  not  measure  nicotine  levels 
in  the  subjects.  Therefore,  the  role  of  nicotine  generally  is  inferred 
but  not  directly  assessed.  A  few  studies  administered  nicotine  by  oral 
tablets  to  smokers  and  to  nonsmokers.  This  Section  examines  the 
effects  of  cigarette  smoking  and  nicotine  on  attention,  learning  and 
memory,  problem  solving,  and  th^  control  of  motor  function. 
Implications  of  these  effects  for  tobacco  use  are  discussed. 

Attention 

Effects  of  cigarette  smoking  on  attention  have  been  examined  in 
the  laboratory  using  sustained  attention  tasks,  selective  attention 
tests,  and  perceptual  intrusion  or  distraction  measures.  The  results 
using  each  measure  are  reviewed  separately. 

Sustained  Attention 

Vigilance  tasks  are  the  fundamental  paradigm  in  the'labora[tory 
for  defining  sustained  attention.  Attention  is  directed  to  one  or  more 
sources  of  input  for  long  periods  of  time.  The  subject  is  required  to 
detect  and  respond  to  small,  infrequent  changes  in  the  input. 
Performance  in  vigilance  situations  is  often  assessed  in  terms  of  the 
detection  rate,  i.e.,  the  proportion  of  signals  correctly  detected,  and 
the  false-alarm  rate,  i.e.,  the  number  of  occasions  on  which  a  signal  is 
reported  when  one  has  not  been  presented.  Measures  of  stimulus 
sensitivity  and  response  criterion  can  be  derived  from  the  detection 
rate  and  the  false  alarm  rate  using  the  Theory  of  Signal  Detectabil- 
ity  (Green  and  Swets  1966)  in  order  to  assess  performance.  During  a 
typical  vigilance  session,  the  detection  rate  decreases  (the  vigilance 
decrement),  but  it  is  also  important  to  know  if  there  is  a  decrease  in 
false  alarms,  which  would  mean  a  criterion  shift.  If  the  rate  at  which 
a  subject  detects  the  stimuli  falls,  but  there  are  no  changes  in  false 
alarms,  then  there  is  a  reduction  in  stimulus  sensitivity. 


382 


In  a  study  of  smoking  and  visual  vigilance,  the  Mackworth  Clock 
(Mackworth  1950)  was  used  because  it  produces  a  reliable  vigilance 
decrement.  Cigarette  smokers  who  were  allowed  to  smoke  at  20-min 
intervals  throughout  the  80-min  vigilance  task  maintained  their 
stimulus  sensitivity  to  experimental  targets  (Wesnes  and  Warburton 
1978).  In  contrast,  sensitivity  was  reported  to  drop  for  a  group  of 
nonsmokers  and  for  a  group  of  smokers  who  were  not  allowed  to 
smoke.  This  finding  suggests  that  smoking  helped  to  maintain 
vigilance,  but  it  could  be  that  abstinence  from  smoking  contributed 
to  the  performance  decrement  for  smokers  who  were  not  allowed  to 
smoke. 

Tong  and  coworkers  (1977)  studied  the  performance  of  nonsmok- 
ers, smokers  not  smoking,  and  smokers  smoking  on  a  60-min 
auditory  vigilance  task.  While  nonsmokers  and  smokers  not  smoking 
detected  fewer  signeils  as  the  test  progressed,  smokers  smoking 
increased  their  number  of  detections.  Again,  it  seems  that  smoking 
improved  vigilance.  However,  this  conclusion  is  tempered  by  the  fact 
that  the  nonsmokers  generally  performed  better  than  did  the 
smokers  on  this  task.  Wesnes  and  Warburton  (1978)  reported  that 
smokers  maintained  their  initial  level  of  stimulus  sensitivity  to 
auditory  tai^ets  over  an  80-min  vigilance  session  when  they  smoked 
cigarettes  at  20-mui  intervals.  When  they  performed  the  task  while 
smoking  nicotine-free  cigarettes,  their  sensitivity  decreased  over 
time.  A  similar  study  with  a  higher  target  density  found  a  similar 
result:  smoking  was  accompanied  by  maintained  stimulus  sensitivity 
OVIangan  1982).  Whether  smoking  increased  vigilance  or  whether 
abstinence  decreased  vigilance  is  not  clear. 

To  determine  whether  nicotine  was  responsible  for  these  effects  of 
cigarette  smoking  on  attention,  Wesnes,  Warburton,  and  Matz  (1983) 
gave  subjects  nicotine  tablets  under  the  tongue  and  examined  visual 
vigilance.  The  tablets  consisted  of  nicotine  placed  on  an  alkaline 
matrix  material  to  permit  buccal  absorption.  Nicotine  helped  reduce 
the.  vigilance  decrement  by  maintsdning  stimulus  sensitivity.  The 
nicotine  tablets  produced  the  same  effects  in  nonsmokers,  light 
smokers,  and  heavy  smokers  (Wesnes,  Warburton,  Matz  1983). 
Wesnes  and  Warburton  (1978)  found  a  similar  effect  of  nicotine 
tablets  on  smokers  but  found  no  effect  on  performance  by  nonsmok- 
ers. Wesnes  and  Warburton  (1984b)  reported  a  small  improvement  in 
performance  by  nonsmokers  given  l:5-mg-nicotine  tablets;  1.0-mg- 
and  0.5-mg-nicotine  tablets  did  not  improve  performance. 

The  effects  of  smoking  on  sustained  reaction  time  performance, 
which  has  a  vigilance  component,  were  studied  by  Frankenhaeuser 
and  others  (1971).  The  experimental  sessions  lasted  80  min  during 
which  subjects  continually  performed  a  simple  visual  reaction  time 
test.  In  the  nonsmoking  condition,  the  speed  of  reaction  decreased 
over  time;  in  the  smoking  condition,  there  was  little  change  over  the 
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session.  Subjects  abstained  from  smoking  the  night  before  participat- 
ing in  this  study.  Therefore,  the  smokers  in  the  nonsmoking 
condition  were  deprived  for  many  hours. 

Wittenborn  (1943)  factor  analyzed  attention  tests  and  found  that 
picking  out  various  sequences  of  numbers  or  letters  from  an  array 
was  most  heavily  loaded  on  what  he  called  an  "attention"  or  "mental 
concentration"  factor.  Williams  (1980)  assessed  the  effects  of  smok- 
ing by  smokers  on  a  test  of  this  sort  that  involved  crossing  out  each 
letter  **E"  found  in  sheete  of  randomly  ordered  letters  arranged  in 
lines  of  30  letters.  Smoking  cigarettes  produced  significant  improve- 
ment in  performance  of  the  letter  cancellation  task  compared  to 
sham  smoking  an  unlit  c^arette  (Williams  1980).  Because  the 
subjects  had  abstained  from  smoking  overnight  before  the  experi- 
ment, it  is  not  clear  whether  smoking  improved  performance  or 
whether  deprivation  caused  a  decrease  in  performance. 

A  computer  version  of  the  letter  crossing  test  is  the  Bakan  task 
(Bakan  1959),  in  which  a  series  of  digits  is  presented  at  tiie  rate  of 
1/sec  from  which  subjects  are  required  to  detect  certain  specified 
three-digit  sequences.  Measures  of  both  the  speed  and  the  accuracy 
of  detection  rate  are  made.  Performance  on  this  rapid  visual 
information  processing  task  after  smoking  was  improved  in  both 
speed  and  accuracy  above  baseline  levels,  whereas  either  not 
smoking  or  smoking  nicotine-free  cigarettes  resulted  in  a  decline  in 
speed  and  accuracy  below  baseline  levels  (Wesnes  and  Warburton 
1983).  The  improvement  in  both  speed  and  accuracy  indicates  that 
there  is  no  speed  and  accuracy  tradeoff.  Highef-jdeld  cigarettes 
improved  performance  more  than  low-yield  ones,  suggesting  that 
nicotine  is  involved  in  these  effects  (Wesnes  and  Warburton  1984a). 
This  interpretation  is  supported  by  studies  with  cigarettes  with 
similar  nicotine  content  but  varying  levels  of  tar  and  carbon 
monoxide  (CO);  cigarette  with  the  same  nicotine  content  have  the 
same  effect  on  speed  and  accuracy  (Warburton,  in  press).  However, 
these  conclusions  must  remain  tentative  until  nicotine  levels  in  the 
body  are  measured. 

Analyses  of  performance  during  cigarette  smoking  indicate  a  15- 
percent  increase  in  speed  and  accuracy  (Wesnes  1987)  and  improve- 
ment puff  by  puff  (Warburton,  in  press).  Rapid  visual  information 
processing  has  been  studied  during  cigarette  smoking  puff  by  puff. 
Even  with  one  puff,  the  probability  of  correct  detections  in  the 
smoking  conditions  was  higher  than  in  the  nonsmoking  condition, 
and  a  single  puff  produced  a  change  in  reaction  time  (Warburton,  in 
press).  These  findings  suggest  that  smoking  improves  performance. 
However,  these  within-subject  analyses  need  to  be  replicated  and 
compared  to  nonsmoker  control  groups. 
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Selective  Attention 

Selective-attention  tasks  involve  either  focused  or  divided  atten- 
tion. Focused-attention  tasks  require  subjects  to  attend  to  one  source 
of  information  to  the  exclusion  of  others.  Divided-attention  tasks 
require  subjects  to  divide  their  monitoring  between  two  or  more 
sources  of  information. 

One  study  of  selective  attention  (Tarriere  and  Hartemann  1964) 
combined  central  guiding  with  peripheral  visual  monitoring.  The 
task  lasted  for  2.5  hr,  and  the  measure  of  performance  reported  was 
the  percentage  of  the  peripheral  visual  signals  that  were  missed 
during  the  session.  Monitoring  performance  was  maintained  by 
smoking,  in  contrast  to  the  large  increase  in  the  percentage  of  signal 
omissions  when  the  subjects  (all  of  whom  were  smokers)  were  not 
smoking. 

In  a  study  of  divided  attention,  a  test  was  based  on  the  rapid  visual 
information  task  (Warburton  and  Walters,  in  press;  Wesnes  and 
Warburton  1984a).  Subjects  were  presented  with  digits  at  a  rate  of 
50/min  in  both  the  visual  and  auditory  modalities,  with  a  different 
sequence  for  each  modality.  The  detection  of  sequences  in  both  parts 
of  the  divided  attention  task  improved  significantly  after  the 
smoking  of  one  cigarette  in  comparison  with  not  smoking.  Smoking  a 
cigarette  also  prevented  the  increase  in  reaction  times  that  occurred 
in  the  control  condition  (smokers  not  smoking). 

These  studies  show  that  smokers  who  smoke  before  selective 
attention  tasks  perform  better  than  smokers  who  abstain  from 
smoking  before  these  tasks.  Both  the  sustained  and  selective 
attention  data  indicate  that  smoking  helps  the  smoker  to  perform. 

Distraction 

The  Stroop  test  has  been  used  in  smoking  research  to  examine 
distraction  effects.  The  Stroop  test  uses  three  sets  of  displays:  a  list  of 
color  words  printed  in  black,  a  set  of  color  patches,  and  a  list  of  color 
words  with  the  words  printed  in  incongruent  colors  (e.g.,  the  word 
"Green"  printed  in  blue).  Subjects'  word  reading  is  faster  than  color 
naming,  while  naming  the  incongruently  printed  color  words  takes 
much  longer  than  naming  the  patches.  The  time  difference  between 
naming  the  colors  in  the  two  conditions  is  the  Stroop  effect.  This 
score  indicates  the  subject's  ability  to  focus  attention  on  a  relevant 
stimulus  dimension  of  print  color  and  to  ignore  an  irrelevant 
semantic  one. 

The  effects  of  nicotine  on  the  Stroop  performance  of  smokers  and 
nonsmokers  have  been  studied  (Wesnes  and  Warburton  1978; 
Wesnes  and  Revell  1984).  Wesnes  and  Warburton  (1978)  reported 
that  nicotine  reduced  the  size  of  the  Stroop  effect  and  that  there 
were  no  differences  between  smokers  and  nonsmokers  in  the  amount 
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of  improvement  produced  by  nicotine.  This  finding  supports  the 
argument  that  the  effects  of  nicotine  on  attention  are  similar  in 
smokers  and  nonsmokers.  However,  only  six  smokers  and  six 
nonsmokers  participated  in  this  study.  Also,  the  performance  by 
nonsmokers  was  not  improved  by  nicotine  tablets  in  the  Wesnes  and 
Revell  (1984)  study.  Therefore,  conclusions  must  be  tentative  until 
the  findings  of  Wesnes  and  Warburton  (1978)  are  replicated. 

EJvidence  from  the  few  distraction  studies  that  have  been  reported 
is  consistent  with  the  results  for  sustained  and  selective  attention.  It 
may  be  that  smoking  and  nicotine  improve  a  general  attentional 
processing  capacity  including  improved  attention  to  relevant  stimuli 
(sustained  and  selective  attention  data)  and  ability  to  disregard 
irrelevant  stimuli  (distraction  data).  However,  until  studies  include 
nonsmoker  control  groups  and  measure  nicotine  levels  in  the  body, 
the  conclusion  that  smoking  improves  attention  remains  plausible 
but  equivocal.  It  is  reasonable  to  conclude  that  the  attention  of 
smokers  is  better  after  smoking  than  after  deprivation  from  ciga- 
rettes. 

Learning  and  Memory 

Numerous  animal  studies  have  demonstrated  that  nicotine  im- 
proves learning  and  memory  when  it  is  administered  pretrial  and 
posttrial  (Battig  1970;  Bovet-Nitti  1965;  Castellano  1976;  Erickson 
1971;  Evangelista,  Gattoni,  Izquierdo  1970;  Stripling  and  Alpern 
1974;  Szekely,  Borsy,  Kiraly  1974).  The  effects  of  smoking  and 
nicotine  on  human  learning  and  memory  are  surprisingly  complex 
in  comparison  with  the  effects  described  in  reports  of  animal  studies. 
Some  studies  of  the  effects  of  smoking  on  human  learning  and 
memory  have  shown  that  smoking  improves  this  aspect  of  mental 
ability  (Mangan  1983;  Mangan  and  Golding  1978;  Warburton  et  al. 
1986).  Studies  of  the  effects  of  pure  nicotine  on  human  learning  and 
memory  have  shown  that  nicotine  improves  memory  just  as  smoking 
does  (Warburton  et  al.  1986).  However,  Hull  (1924)  found  evidence  of 
impairment  in  auditory  memory  and  in  the  efficiency  of  rote 
learning  immediately  after  smoking,  and  later  studies  also  have 
foimd  that  smoking  can  interfere  with  learning  and  memory, 
especially  immediate  memory  (Gonzales  and  Harris  1980).  The 
effects  of  smoking  and  nicotine  on  learning,  immediate  memory, 
delayed  recall,  and  state-dependent  memory  are  addressed  separate- 

ly. 

Learning 

There  is  no  evidence  for  improved  acquisition  of  information  (i.e., 
general  learning)  after  smoking.  For  example,  Carter  (1974)  reported 
a  higher  number  of  correct  responses  from  10  smoking  subjects  than 
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from  10  nonsmoking  subjects  on  a  letter-digit  substitution  task  for 
the  second  of  2  10-trial  blocks  given  in  the  first  2  sessions  (7  days 
apart).  However,  there  was  no  difference  between  groups  in  savings 
(number  of  trials)  for  serial  learning  of  a  letter-digit  substitution 
task. 

Kleinman,  Vaughn,  and  Christ  (1973)  had  nonsmokers,  24-hr 
deprived  smokers,  and  nondeprived  smokers  do  paired-associate 
learning  of  a  low-  or  high-meaningful  list  of  nonsense  syllables. 
There  was  no  difference  in  learning  among  the  groups  on  both  trial 
and  errors  to  a  criterion.  However,  deprived  smokers  performed 
better  on  the  high-meaningful  list  and  worse  on  the  low-meaningful 
list  than  did  either  of  the  other  two  groups. 

The  effects  of  nicotine  on  learning  also  have  been  investigated. 
Andersson  and  Post  (1974)  compared  the  effects  of  nicotine  cigarettes 
with  thcMse  oiP  nicotine-free  cigarettes  in  subjects  learning  a  nonsense 
syllable  list.  Significant  increases  in  heart  rate  iadicated  that 
nicotine  was  absorbed  from  the  nicotine  cigarettes.  The  first 
cigarette  was  given  after  the  first  10  trials  of  learning  the  list,  and  a 
second  cigarette,  of  the  same  kind,  was  given  after  20  trials.  The 
learning  curves  were  identical  for  the  two  conditions  prior  to 
smoking.  After  nicotine,  the  number  correct  decreased  and  remained 
below  the  scores  in  the  nicotine-free  condition,  but  the  learning 
curves  were  parallel.  Thus,  the  rate  of  learning  was  not  changed  by 
smoking.  After  the  second  nicotine  cigarette,  the  number  of  correct 
syllables  increased  significantly  to  the  same  level  of  acquisition 
performance  as  in  the  nicotine-free  cigarette  condition.  Relative  to 
the  previous  performance,  nicotine  had  improved  recall  of  the 
syllables.  The  difficulty  in  interpreting  the  effects  of  nicotine  in  this 
study  is  that  learning  and  recall  occurred  over  a  20-min  period,  while 
plasma  and  brain  levels  of  nicotine  would  be  expected  to  fall  well 
below  their  peak  levels.  These  data  give  no  eyidence  of  nicotine 
impairing  acquisition,  because  the  learning  curves  are  parallel  after 
the  nicotine  cigarette.  However,  it  appeared  that  after  the  first 
nicotine  cigarette,  the  information  stored  in  the  non-nicotine  state 
was  less  available  in  the  nicotine  state,  a  phenomenon  known  as 
state-dependent  learning.  (See  "State-Dependent  Memory"  below  for 
a  fuller  discussion  of  this  phenomenon.) 

In  another  study,  An4ersson  (1975)  examined  the  effects,  of 
smoking  ,  on  verbal  rote  learning  using  a  similar  procedure.  Ten 
smokers  were  tested  on  two  occasions  during  which  they  were 
initially  given  10  successive  trials  followed  by  an  8-min  break.  In  one 
condition,  the  subjects  smoked  a  2.1-mg-nicotine-delivery  cigarette 
during  this  period,  and  in  the  other  they  simply  rested.  Then, 
another  10  trials  took  place,  after  which  a  45-min  break  was  given, 
followed  by  a  final  learning  trial.  As  in  the  previous  study,  recall  Was 
significantly  lower  immediately  after  smoking.  Thk  lowered  recall 
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tended  to  recover  on  successive  trials.  After  the  45-min  break,  the 
recaU  in  the  two  conditions  was  again  identical. 

Immediate  Memory 

In  a  study  of  immediate  memory  (Williams  1980),  subjects  were 
tested  within  15  min  after  smokii^  one  cigarette.  They  were  given 
lists  of  numbers  to  memorize  and  then  were  immediately  asked  to 
recall  them  in  the  correct  sequence  (constrained  recall).  No  main 
effects  were  signiticant.  Controlling  for  presmoking  performance, 
the  number  of  errors  increased  with  strength  of  cigarettes  smoked. 

Houston,  Schneider,  and  Jandk  (1978)  had  23  heavy  smokers, 
deprived  of  cigarettes  for  3  hr,  read  a  list  of  words.  The  subjects  were 
matched  on  a  free-recall  test  prior  to  smoking.  Each  member  of  one 
group  smoked  a  1.5-mg-nicotine  cigarette,  and  each  member  of  the 
other  group  smoked  a  non-nicotine  cigarette.  The  subjects  were  given 
three  lists  with  free  recall  tests  after  each  one.  The  immediate  recall 
scores  showed  that  the  nicotine  group  had  significantly  less  recall 
than  the  placebo  group  did.  When  testing  was  given  once  just  after 
the  input,  however,  facilitation  was  seen  (Warburton  et  al.  1986). 
After  smoking  a  1.4-mg-nicotine  cigarette,  each  of  these  subjects  was 
shown  a  list  of  nouns  and  inunediately  asked  to  write  down  as  many 
as  possible.  Measures  of  immediate  recall  were  improved  in  smokers 
after  smoking  compared  with  not  smoking. 

Comparison  of  Immediate  and  Delayed  Recall 

Gonzales  and  Harris  (1980)  assessed  the  effects  of  smoking  or 
abstinence  on  immediate  and  delayed  memory  of  new  and  old 
(previously  presented)  words,  as  well  as  category  clustering.  Smokers 
smoking  showed  significantly  poorer  immediate  and  delayed  recall 
of  old  words  and  less  clustering  of  words  into  categories  on  the 
delayed  recall  test  as  compared  with  smokers  who  were  not  allowed 
to  smoke  before  the  tasks. 

Mangan  (1983)  examined  the  effects  of  smoking  a  low-  (0.7  mg)  and 
a  middle-  (1.3  mg)  nicotine-3deld  cigarette  on  paired-associate  and 
serial  learning  and  retention.  Conditions  included  high  and  low 
intralist  interference.  Cigarettes  improved  retention  in  paired-asso- 
ciate learning,  with  task  difficulty  apparently  having  little  rele- 
vance. Smoking  impeded  learning  under  low-interference  conditions, 
but  facilitated  learning  of  high-interference  sets. 

Mangan  and  Golding  (1983)  studied  the  effects  on  memory  of 
smoking  deprivation  and  of  smoking  a  single  cigarette  immediately 
after  acquisition  of  a  paired-associate  learning  task.  Subjects  were 
retested  for  retention  of  the  memorized  material  at  intervals  of  30 
min,  1  day,  1  week,  and  1  month.  At  30-min  retest,  nonsmokers 
showed  superior  recall  compared  with  all  smokers.  After  1  month. 
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subjects  who  each  smoked  a  low-  and  medium-nicotine  cigarette  were 
better  th£Ui  those  who  smoked  high-nicotine  c^arettes.  They  also 
achieved  superior  recall  compared  with  nonsmokers. 

Peeke  and  Peeke  (1984)  tested  the  effects  of  smoking  one  cigarette 
on  verbal  memory  and  attention  in  four  experiments.  In  one  study, 
subjects  were  allowed  to  smoke  before  the  test  ("pretrial  smoking*'), 
after  the  test  ("posttrial  smoking")  or  not  at  all  ("no  smoking"). 
Recall  of  a  50-word  list  was  tested  immediately  after  intervals  of  10 
and  45  min.  Pretrial  smoking  resulted  in  improved  recall  10  and  45 
min  after  learning,  but  not  immediately.  Posttrial  smoking  was 
ineffectual.  Tests  at  1,  5,  and  30  min  after  presentation  of  a  20-word 
list  were  compared  with  results  from  pretrial  smoking.  Improved 
recall  occurred  for  pretrial  smokir^.  The  high-nicotine  cigarette 
produced  improved  recall  on  both  immediate-  and  delayed-recaU 
tests.  The  low-nicotine  cigarette  was  less  effective.  Light  and  heavy 
smokers  did  not  differ  in  the  effect  of  smoking  on  recall. 

Andersson  and  Hockey  (1977)  presented  words  in  different  posi- 
tions on  a  computer  screen  to  smokers  allowed  to  smoke  or  not 
allowed  to  smoke.  In  one  condition,  subjects  had  to  remember  the 
words  in  presentation  order.  In  the  second  condition,  subjects  were 
asked  to  remember  words,  word  order,  and  location.  There  were  no 
differences  between  the  smoking  and  no-smoking  conditions  in  the 
percentage  of  words  that  were  recalled  in  the  correct  order  or  for  the 
percentage  of  words  that  were  recalled  correctly,  regardless  of  word 
order.  However,  recall  of  position  on  the  screen  was  poorer  for  the 
smoking  group.  When  the  subjects  were  asked  to  attend  to  all  three 
aspects  of  the  material,  the  groups  did  not  differ  significantly  in 
their  recall,  although  there  was  a  trend  for  location  to  be  recalled 
better  after  nicotine  use  than  after  deprivation.  This  study  suggests 
that  nicotine  can  enhance  storage  of  information  only  if  the  subjects 
perceive  that  the  information  is  relevant. 

State-Dependent  Memory 

In  a  state-dependent  design,  one  group  of  subjects  learns  after  a 
dose  of  drug  while  a  second  group  learns  after  a  placebo  or  nothing. 
For  the  recall  test  both  groups  are  divided:  half  of  each  group  is 
tested  with  the  agent  presented  during  learning  and  half  is  switched 
to  the  other  condition.  If  the  recall  scores  are  better  for  those  groups 
that  learned  in  the  same  chemical  state,  then  state-dependent 
learning  is  said  to  have  occurred.  Numerous  animal  studies  have 
provided  evidence  of  state  dependency  with  cholinergic  drugs 
(Warburton  1977).  The  possibility  that  nicotine  produces  state-depen- 
dent learning  in  human  subjects  has  been  investigated  in  several 
studies. 

Kunsendorf  and  Wigner  (1985)  examined  state-dependent  recall  on 
text  material.  Subjects  spent  15  min  studying  a  550-word  article  on 
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education  and  answered  6  factual  questions  based  on  the  article  after 
a  10-min  break.  The  treatment  conditions  were  smoking  versus  no 
smoking  during  the  study  period  and  during  testing.  When  stud3dng 
and  testing  were  conducted  for  the  same  subject  state  (either 
smoking  or  no  smoking),  memory  was  better  than  when  study  and 
testing  were  conducted  for  different  states. 

Other  investigators  also  have  found  evidence  for  state-dependent 
learning  with  smoking.  Peters  and  McGee  (1982)  used  the  state- 
dependent  design  to  test  smoking's  effect  on  recall  and  recogaiiAon 
memory.  After  smoking  a  1.4-mg-nicotine  cigarette,  each  subject  was 
shown  a  list  of  noims  and  immediately  asked  to  write  down  as  many 
as  possible.  There  was  no  evidence  of  any  difference  in  immediate 
recall,  a  finding  in  agreement  with  Andersson  and  Hockey  (1977) 
and  Houston,  Schneider,  and  Jarvik  (1978).  However,  on  the 
following  day,  there  was  a  state-dependent  effect  on  the  recc^ition 
test  but  no  difference  between  the  same-state  groups. 

In  another  recognition  study  (Warburton  et  al.  1986),  smokers  who 
were  deprived  of  cigarettes  for  more  than  10  hr  were  each  given  a 
1.4-mg-nicotine  cigarette  or  nothing  immediately  before  serial  pre- 
sentation of  a  set  of  Chinese  characters.  Subjects  were  divided  into 
four  equal  groups:  Those  who  did  not  smoke  prior  to  learning  or 
recall;  those  who  did  not  smoke  prior  to  learning,  but  had  a  cigarette 
prior  to  recall;  those  who  had  a  cigarette  prior  to  both  learning  and 
recall;  and  those  who  had  a  cigarette  prior  to  learning,  but  none 
prior  to  recall.  Subjects  who  smoked  prior  to  learning  had  signifi- 
cantly better  rec(^nition  scores  than  the  subjects  who  did  not  smoke 
in  the  first  part  of  the  experiment.  There  was  no  effect  of  smoking  on 
recall  performance.  A  significant  interaction  term  indicated  that 
changing  the  chemical  state  interfered  with  recognition. 

Warburton  and  colleagues  (1980)  used  nicotine  tablets  in  the  state- 
dependent  design.  After  ingesting  the  tablet,  each  subject  listened  to 
words  and  then  performed  successive  subtractions  for  1  min  to 
prevent  rehearsal.  Immediate  free  recisQl  was  improved.  One  hour 
later,  the  subjects  were  given  either  nicotine  or  placebo  tablets.  They 
were  asked  to  recall  as  many  of  the  words  as  they  could  in  another 
10-min  free  recall  test.  Long-term  recall  was  significantly  better 
when  subjects  had  taken  nicotine  prior  to  lesu^ning,  but  was  not  when 
taken  prior  to  recall.  A  significant  interaction  term  gave  evidence  for 
a  state-dependent  effect  of  nicotine  and  showed  that  nicotine  was 
facilitating  the  input  of  information  to  storage,  but  had  no  direct 
effect  on  storage  or  retrieval. 

These  findings  suggest  that  there  is  a  state-dependent  effect  of 
smoking  on  cognitive  performance.  The  seeming  impairment  of 
immediate  memory,  however,  complicates  any  simple  generaliza- 
tions about  smoking  and  memory  or  nicotine  and  memory.  As  with 
the  attention  literature,  studies  need  to  include  nonsmokers  as 

390 


controls  to  determine  whether  smoking  or  abstinence  from  smoking 
affects  learning  or  memory.  In  addition,  task  characteristics  and 
individual  differences  among  subjects  must  be  considered  in  future 
investigations.  Based  on  the  available  evidence,  there  are  no  clear 
effects  of  smoking  on  learning  or  memory. 

Problem  Solving 

Human  problem-solving  capabilities  involve  both  attention  and 
memory.  Attention  is  important  because  distraction  from  the  task 
will  cause  a  deterioration  in  problem-solving  performance.  Memory 
also  plays  a  critical  role  in  thought,  both  guiding  the  operations  of 
the  thought  processes  and  limiting  their  power.  Problems  can  be 
broadly  categorized  as  well  defined  and  ill  defined.  A  well-defined 
problem  has  a  clearly  stated  goal  with  a  clear  method  to  ascertain  if 
the  problem  solving  will  lead  to  the  correct  solution.  A  well-defined 
problem  can  be  solved  by  convergent  thinking  that  produces 
logically  correct  answers.  A  simple  example  of  a  well-defined 
problem  is  addition.  Ill-defined  problems  are  solved  by  divergent 
thinking  that  leads  to  inventive  solutions. 

Hull  (1924)  found  that  smoking  increased  the  rate  of  complex 
mental  addition,  but  had  no  measurable  effect  on  the  accuracy  of 
addition.  Kucek  (1975)  found  that  the  reduced  efficiency  of  mental 
addition  that  was  produced  by  doing  a  tracking  task  was  ameliorated 
by  smoking.  The  improvement  was  especially  manifested  in  the  most 
neurotic  subjects.  One  interpretation  of  this  improvement  is  that  the 
attentional  effects  of  nicotine  enabled  the  filtering  out  of  the 
distracted  thoughts  that  interfered  with  performance. 

A  t£^k  that  has  elements  of  both  convergent  and  divergent 
thinking  is  the  Luchins  Jar  test  (Luchins  1942),  in  which  subjects  are 
asked  to  solve  a  number  of  "numerical  problems"  involving  the 
measurement  of  a  quantity  of  water  by  means  of  a  set  of  measuring 
jars.  For  the  first  six  trials,  exactly  the  same  solution  can  be  used, 
but  after  trial  six,  both  the  old  formula  and  a  new,  easier  formula  are 
appropriate.  A  measure  of  convergent  thinking  is  performance  on 
the  first  six  trials,  while  divergent  thinking  is  assessed  from  the  time 
taken  to  discover  the  new,  easier  solution.  Smokers  who  were 
allowed  to  smoke  performed  better  on  the  first  half  of  the  test  in 
which  subjects  used  the  same  solution  repeatedly  (convergent 
thinking),  but  were  slower  to  change  to  a  simpler  solution  when  it 
was  avEolable,  divergent  thinking  (Warburton  1987).  While  it  could 
be  argued  that  nicotine  had  impaired  divergent  thinking,  it  has  been 
argued  that  it  is  more  efficient  for  a  subject  to  use  a  known  strategy, 
no  matter  how  clumsy  it  might  be,  than  to  attempt  to  invent  a  new 
one,  i.e.,  to  maintain  attention  (Norman  1980). 
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Motor  Control 


The  effects  of  smoking  on  motor  control  were  investigated  in  the 
early  laboratory  study  of  Hull  (1924).  He  found  a  marked  increase  in 
hand  tremor,  a  slight  increase  in  resistance  to  muscular  fatigue  and 
in  speed  of  reading  reaction  time,  and  no  measurable  effect  on  the 
rate  of  tapping  or  on  the  rate  or  accuracy  of  eye-hand  reaction. 
These  reports  have  received  support  from  more  recent  studies  (Lyon 
et  al.  1975;  Smith,  Tong,  Leigh  1977).  West  and  Jarvis  (1986) 
reported  that  nasal  administration  of  nicotine  increases  tapping  rate 
in  nonsmokers. 

Tremor 

Lippold,  Williams,  and  Wilson  (1980)  recorded  finger  tremor 
during  a  control  period,  sham  smoking,  or  cigarette  smoking  with  a 
strain  gauge  and  an  accelerometer.  Smoking  increased  tremor 
amplitude  at  least  twofold. 

Simple  Reaction  Time 

Gotten,  Thomas,  and  Stewart  (1971)  investigated  the  immediate 
effects  of  smoking  one  cigarette  on  simple  reaction  time  after  each 
subject  smoked  a  cigarette  with  a  1.5-mg  nicotine  yield.  The  mean 
reaction  times  immediately  following  and  5  min  after  smoking  were 
significantly  slower  than  for  all  other  test  intervals.  Reaction  times 
for  the  40-  and  55-min  intervals  were  significantly  faster  than  the 
reaction  time  before  smoking. 

Morgan  and  Pickens  (1982)  examined  whether  reaction  time 
performance  after  smoking  varied  as  a  function  of  c^arette  smoking. 
Twelve  regular  smokers  were  tested  on  a  reaction  time  task 
immediately  after  smoking  on  three  different  occasions.  In  each 
session,  they  were  allowed  ad  libitum  smoking  of  their  own  cigarette, 
or  ad  hbitum  smoking  of  a  standard  cigarette,  or  they  had  to  smoke  a 
standard  cigarette  with  a  prescribed  puff  pattern.  Reaction  time 
performance  was  significantly  faster  after  smoking  under  the  latter 
two  of  the  three  conditions.  Mean  reaction  times  were  significantly 
shorter  for  the  smokers  smoking  than  for  the  smokers  not  smoking. 

Choice  Reaction  Time 

Myrsten  and  Andersson  (1978)  compared  the  effects  of  smoking  for 
both  simple  and  complex  reaction  time  tasks.  In  the  simple  reaction 
time  testing  periods,  smoking  prevented  the  significant  increase  in 
reaction  time  that  occurred  over  time  in  the  nonsmoking  condition. 
In  the  complex  reaction  time  periods,  smoking  significantly  reduced 
reaction  time,  whereas  reaction  time  increases  were  not  significant 
in  the  nonsmoking  condition. 
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Decision  time  and  motor  time  scores  on  a  choice  reaction  time  task 
were  measured  after  smoking  (Lyon  at  al.  1975;  Smith,  Tong,  Leigh 
1977).  Decision  time  scores  were  significantly  decreased  by  smoking, 
and  the  high-nicotine  cigarette  had  the  greatest  effect.  Motor  time 
scores  were  not  improved,  and  hand  steadiness  was  significantly 
impaired  by  smoking. 

Smokers,  deprived  smokers,  and  nonsmokers  performed  a  compen- 
satory tracking  task  while  simultaneously  performing  a  cross-adap- 
tive loading  task  (Schori  and  Jones  1975).  With  the  cross-adaptive 
technique,  the  size  of  the  subject's  total  work  load  (tracking  and 
loading  tasks  combined)  was  individually  tailored  to  use  each 
subject's  entire  attentional  capacity.  No  differences  were  detected  as 
a  function  of  smoking  either  in  tracking  or  in  loading  task 
performance. 

Smokers,  deprived  smokers,  and  nonsmokers  performed  a  complex 
motor  task,  consisting  of  five  subtasks,  for  an  extended  period  of  time 
at  two  levels  of  task  complexity  (Schori  and  Jones  1974).  On  only  one 
subtask,  on  one  of  the  two  performance  measures  obtained,  were 
differences  as  a  function  of  smoking  condition  evident.  Specifically, 
response  latencies  for  nonsmokers  were  shorter  than  those  for 
smokers  and  deprived  smokers  at  the  high  level  of  task  complexity, 
but  were  longer  at  the  lower  level.  Because  the  performance 
difference  were  small,  Schori  and  Jones  (1974)  concluded  that  for  all 
practical  purposes,  smoking  had  no  effect  on  performance. 

Implications  for  Tobacco  Use 

Some  cigarette  smokers  report  that  smoking  helps  them  to  think 
and  perform.  Laboratory  studies  of  attention  and  state-dependent 
learning  are  generally  consistent  with  this  perception,  but  studies  of 
memory  and  learning  do  not  support  this  perception.  Data  on 
problem  solving  are  too  limited  to  allow  clear  conclusions.  The 
improvement  in  attention,  state-dependent  learning,  and  some 
motor  performance  tasks  are,  in  most  cases,  superior  in  smokers  who 
are  allowed  to  smoke  compared  with  a  smoking  abstinence  condition. 
Therefore,  these  effects  may,  in  part,  reflect  reversal  of  the 
deleterious  effects  of  smoking  abstinence.  In  contrast  to  this  cautious 
interpretation,  however,  it  should  be  noted  that  the  experiments 
that  administer  nicotine  and  report  similar  improvements  in  non- 
smokers  and  smokers  are  consistent  with  the  interpretation  that 
smoking  improves  some  cognitive  performance.  In  light  of  these 
data,  smokers'  self-reports  and  perceptions  may  be  correct  that 
smoking  helps  them  to  attend,  think,  and  perform.  However,  until 
more  careful  investigations  are  reported,  conclusions  concerning  the 
effects  of  smoking  and  nicotine  on  human  performance  must  remain 
tentative.  Future  studies  should  include  nonsmokers  as  controls  and 
should  measure  nicotine  levels  after  smoking  or  abstinence. 
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Current  methods  in  cognitive  psychology  indicate  that  different 
paradigms  for  evaluating  memory  and  performance  (e.g.,  data-depen- 
dent versus  context-dependent  memory  measures)  produce  opposite 
effects  in  many  cognitive  tasks  (Richardson-Klavehn  and  Bjork 
1988).  The  effects  of  smoking  and  nicotine  on  these  different  types  of 
tasks  need  to  be  evaluated.  A  recent  presentation  on  smoking  and 
performance,  for  example,  reported  that  smoking  improved  perfor- 
mance on  simple  reaction  tasks  but  impaired  performance  on  more 
complex  comprehension  and  motor  performance  tasks  (Spilich  1987). 
Tasks  requiring  different  levels  of  demand  must  be  examined. 
Moreover,  future  research  should  evaluate  performance  over  time  to 
determine  whether  any  short-term  effects  of  smoking  or  nicotine  on 
performance  persist  or  are  reversed  later  on.  Nonetheless,  the  fact 
that  smokers  smoking  generally  perform  better  on  some  cognitive 
tasks  (especially  attention  tasks)  than  do  smokers  not  smoking  may 
encourage  smokers  to  continue  smoking  and  may  encour^e  relapse. 

Tobacco  Use,  Nicotine,  Stress,  and  IMood  Reguiation 

Cigarette  smokers  commonly  report  that  they  smoke  in  response 
to  stressful  situations  and  that  smoking  calms  them.  In  addition, 
many  smokers  report  that  smoking  helps  to  regulate  dysphoric  mood 
or  affect.  Reports  of  a  relationship  between  stress  and  smoking 
generally  have  been  regarded  as  puzzling  in  light  of  the  sjrmpathomi- 
metic  effects  (i.e.,  S3n2ipathetic  nervous  system  (SNS)  activating 
actions)  of  nicotine,  but  the  consistency  of  these  claims  has  brought 
research  attention  to  these  topics.  The  possibility  that  smoking  may 
help  to  regulate  dysphoric  moods  that  involve  low  arousal  states  is 
easier  to  understand.  This  Section  reviews  the  relevant  research 
literature  and  presents  current  thinking  to  help  explain  these 
phenomena. 

Subjective  Weil-Being,  Stress,  and  Mood  Regulation 

The  state  of  subjective  well-being  is  construed  as  one  in  which 
positive  affect  (pleasure,  happiness)  is  high  and  negative  affect 
(frustration,  anger,  tension)  is  low  (Watson  and  Tellegen  1985). 
Departures  from  an  optimal  state  may  occur  because  of  internally 
generated  affect  (worry,  anxiety)  or  through  environmental  events 
that  strain  the  coping  ability  of  the  individual  (Dohrenwend  and 
Dohrenwend  1981).  A  state  of  subjective  stress  is  postulated  to  be  a 
joint  function  of  the  current  environmental  demands  and  the 
current  coping  abilities  of  the  individual  (Lazarus  and  Launier  1978; 
Lcizarus  and  Folkman  1984).  When  demands  exceed  coping  ability,  a 
state  of  subjective  stress  may  arise  that  manifests  at  the  psychologi- 
cal level  as  symptoms  of  psychological  distress  and  at  the  physiol<^- 
cal  level  as  changes  in  (SNS)  arousal,  changes  in  endocrine  systems, 
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and  decrements  in  specific  task  performance  (Baum,  Grunberg, 
Singer  1982;  Cohen,  Kamarck,  Mermelstein  1983).  In  natural 
settings,  stress  may  occur  because  of  discrete  events  that  cause  a 
transient  peak  in  subjective  distress  or  in  conditions  that  persist  over 
considerable  periods  of  time  and  thus  present  sources  of  chronic 
str^  to  affected  individuals  (Pearlin  and  Schooler  1978;  Pearlin  et 
al.  1981). 

Overall  mood  states  are  related  to  independent  contributions  by 
dimensions  of  positive  affect  and  negative  affect:  well-being  is 
determined  by  low  negative  affect  and  by  high  positive  affect  (Diener 
1984).  Studies  of  mood  states  in  natursd  settings  over  intermediate 
time  periods  of  1  day  to  1  week  show  that  the  dimensions  of  negative 
and  positive  mood  are  independent,  that  is,  they  both  occur  on  a 
regular  basis  in  daily  life  and  both  contribute  to  overall  mood  states 
(Stone,  Helder,  Schneider  1987).  Mood  may  be  regulated  both  by 
reduction  of  n^ative  affect  and  by  increase  of  positive  affect 
(Tomkins  1962,  1963;  Wills  and  Shiffman  1985). 

Subjective  well-being  could  be  improved  through  reducing  the 
perceived  environmental  demands,  through  physiologically  influenc- 
ing stress-related  arousal  states,  through  reducing  perception  of 
unpleasant  physical  states,  or  through  altering  the  balance  of 
positive/negative  affect  in  daily  life.  These  mechanisms  are  relevant 
to  understanding  the  relationship  between  stress  and  cigarette 
smoking  (Tomkins  1965). 

Perceived  Functions  of  Smoking 

A  number  of  epidemiological  studies  have  examined  the  perceived 
functions  that  smoking  provides  for  users  by  emplo3dng  large 
samples  that  are  usually  representative  of  communities;  in  some 
cases,  representative  national  samples  have  been  obtained.  These 
studies  ask  respondents  about  various  functions  that  smoking  ils 
perceived  to  provide  for  them,  and  the  researchers  aim  to  determine 
basic  functional  dimensions  through  factor  analysis  or  cluster 
analysis  of  the  motive  reports.  The  questionnaire  items  used  to  elicit 
smoking  functions  vary  considerably,  including  items  that  elicit 
agreement/disagreement  with  statements  about  smoking,  items  that 
elicit  the  frequency  or  likelihood  of  smoking  in  defined  situations,  or 
items  that  ask  about  a  desire  to  smoke  in  certain  settings.  Although 
the  methodology  and  sampling  procedures  have  varied  considerably 
across  studies,  there  is  consistency  in  the  results.  One  higher  order 
domain  of  intercorrelated  motive  dimensions  indicates  that  smoking 
is  perceived  to  provide  negative  affect  reduction;  another  domain 
indicates  that  smoking  is  perceived  to  provide  positive  affect 
enhancement.  Findings  from  the  relevant  studies,  classified  in  terms 
of  these  higher-order  domains,  are  presented  in  Table  1.  (Survey 
studies  also  indicate  that  many  smokers  report  that  smoking  keeps 
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weight  down  and  that  weight  control  is  one  of  their  major  concerns 
(Charlton  1984a,b;  Feldman,  Hodgson,  Corber  1985;  Page  1983). 
However,  for  purposes  of  expositional  clarity,  this  Section  focuses  on 
affect  regulation  and  stress.  Smoking  and  body  weight  are  discussed 
in  the  next  Section  of  this  Chapter.) 

A  typical  study  of  perceived  functions  was  conducted  in  the  United 
States  by  Ikard,  Green,  and  Horn  (1969)  with  a  representative 
national  sample  of  2,094  adult  respondents.  In  this  study,  subjects 
were  presented  with  a  list  of  23  statements  about  smoking,  repre- 
senting various  combinations  of  situation  and  emotion  and  were 
asked  to  indicate  their  agreement  or  disagreement  about  whether 
the  statement  was  true  for  them.  Orthogonal  factor  analysis  of  the 
items  indicated  that  six  basic  motives  were  represented  in  the  data. 
A  factor  termed  "Reduction  of  N^ative  Affect"  was  loaded  by  items 
such  as  "When  I  feel  upset  about  something,  I  light  up  a  cigarette" 
and  "Few  things  help  better  than  cigarettes  when  I'm  feeling  upset." 
The  domain  of  positive  affect  enhancement  was  represented  by  a 
factor  dimension  termed  "Pleasurable  Relaxation,"  which  included 
items  such  as  "Smoking  cigarettes  is  pleasant  and  relaxing."  This 
factor  was  not  correlated  with  any  of  the  other  five  factors  found  in 
the  study,  indicating  that  it  is  an  independent  functional  dimension. 
A  factor  concerning  addictive  smoking,  which  included  items  report- 
ing a  strong  desire  or  craving  for  cigarettes,  was  substantially 
correlated  with  the  negative  affect  factor  and  for  that  reason  is 
included  under  the  domain  of  negative  affect  reduction. 

Other  studies  of  smoking  motives  have  replicated  the  two  domains 
of  negative-  and  positive-affect  r^ulation.  Under  the  general  domain 
of  n^ative  affect  reduction,  McKennell  (1970)  surveyed  a  represen- 
tative national  sample  of  1,140  adolescents  and  adults  in  Great 
Britain  and  found  that  three  factors  termed  "Nervous  Irritation 
Smoking,"  "Smoking  Alone,"  and  "Food  Substitution"  were  strongly 
intercorrelated,  all  representing  an  increeised  probabihty  of  smoking 
during  unpleasant  states.  Coan  (1973)  and  Leventhal  and  Avis  (1976), 
in  studies  with  college  students,  found  almost  identical  factors 
termed  "Negative  Affect  Reduction"  and  "Anxiety  Reduction," 
which  in  each  case  were  substantially  correlated  with  another  factor 
representing  addictive  smoking.  Additionally,  Coan  (1973)  found  a 
factor  termed  "Distraction,"  which  included  items  suggesting  that 
smoking  was  sometimes  used  as  a  means  of  diverting  attention  from 
disturbing  stimuli.  (This  self-report  is  consistent  with  the  discussion 
of  distraction  studies  presented  in  the  first  Section  of  this  Chapter.) 
Best  and  Hakstian  (1978)  surveyed  a  sample  of  331  adult  commuters 
with  an  inventory  about  the  relative  strength  of  their  urge  to  smoke 
in  each  of  63  situations.  Intercorrelated  dimensions  termed  "Ner- 
vous Tension,"  "Frustration,"  "Embarrassment,"  "Discomfort," 


396 


CO 

s 


<i> 


73 

15  i 


5 


a 
& 


o 

1 

o 

<u 
Z 


0) 
B 


13  -f  .S  8 
O    g    *3  S 

fill 

mi 


13 
p 


3 


'a 


» ts 

S3  S 


a 

0  <u 

■*»  S 

1  I 

1  ^ 


g 


I 


>  .2 
So  5 

5r  ?> 


bs 

a 

0 
o 

■Si 

1 

•1 

mat 

1 

•S  2 

a)  "a) 


0  ^ 

1  " 
a.  <" 

p 


i  S 


O  01 

c  a 


0) 

u 

a 

o  2 


-S  2 


•8  ^ 

^  I 

.■a  oi 

O 


i 

6 


at  3 


bfi 

.3 


o  a 


a 

§ 

u  .2 

ct)  s 

^  J 
lo 

"a  «2 


d 

6 


■S2 

o 

a 


I 


I 


1 


I 


1 1 
■  1 

li 


I 


•I 
1.1 


si 

II 
1| 
|1 


1^  s 

H  II 

1^ 


397 


"Restlessness,"  and  "Anger/Impatience"  all  indicated  elevated  /ates 
of  smoking  in  different  types  of  negative  affect  situations. 

Under  the  domain  of  positive-affect  enhancement,  findings  sure  less 
consistent  because  studies  tjrpically  included  relatively  few  items  on 
pleasurable  aspects  of  smoking.  Despite  this  methodological  limita- 
tion, each  of  the  studies  contains  one  or  two  factors  that  represent  a 
function  of  smoking  to  produce  positive  affect.  A  factor  termed 
"Pleasurable  Relaxation"  found  by  Coan  (1973)  indicated  smoking  in 
circumstances  that  were  relaxed  and  comfortable,  and  comparable 
factors  termed  "Pleasure"  were  found  among  adults  (Leventhal  and 
Avis  1976)  and  adolescents  (Baumann  and  Chenoweth  1984).  In  each 
case,  these  dimensions  were  uncorrelated  with  negative  affect 
factors  or  with  other  dimensions  found  in  the  study.  Factors  that 
were  termed  "Relaxation"  by  two  investigators  (Best  and  Hakstian 
1978;  McKennell  1970)  represent  smoking  in  conditions  where  one  is 
alone  or  wants  to  cheer  up. 

The  studies  have  indicated  some  additional  functional  dimensions 
not  included  within  the  two  affective  domains.  Some  dimensions 
represent  habitual  or  automatic  smoking  that  occurs  without 
conscious  attention.  These  self-reported  dimensions  are  consistent 
with  the  data  presented  in  Chapter  IV  that  address  coihpulsive  drug- 
seeking  properties  of  nicotine  and  tobacco  use.  Another  common 
dimension  represents  smoking  to  increase  stimulation,  typically  in 
conditions  of  inactivity  or  boredom;  sometimes  another  dimension  is 
included,  indicating  that  smokers  report  that  smoking  helps  improve 
concentration  (Best  and  Hakstian  1978;  Coan  1973;  Leventhal  and 
Avis  1976).  This  latter  perceived  effect  is  discussed  in  detail  in  the 
first  Section  of  this  Chapter.  Dimensions  representing  smoking  in 
social  situations  indicate  that  smoking  occurs  primarily  at  parties  or 
social  gatherings,  and  these  factors  typically  are  uncorrelated  with 
affective  dimensions. 

With  regard  to  individual  differences  in  motives  for  smoking, 
there  are  some  consistencies  across  studies.  Amount  of  smoking 
tends  to  be  greater  for  persons  scoring  high  on  negative  affect 
reduction  (Ikard,  Green,  Horn  1969;  McKennell  1970),  although 
persons  scoring  high  on  habitual  smoking  may  have  a  greater 
frequency  of  smoking  (Ikard,  Green,  Horn  1969;  Leventhal  and  Avis 
1976).  Sex  differences  are  sometimes  found  in  functional  dimensions, 
with  females  scoring  higher  on  negative-affect  reduction  (Frith  1971; 
Ikard,  Green,  Horn  1969;  Ikard  and  Tomkins  1973),  whereas  males 
score  higher  on  habitual,  relaxation,  or  stimulation  smoking  (Frith 
1971;  Ikard,  Green,  Horn  1969;  McKennell  1970).  Findings  on 
external  correlates  of  motive  dimensions  indicate  that  adolescents 
who  score  high  on  the  Pleasure  dimension  are  more  likely  to  initiate 
or  increase  smoking  over  time  (Baumann  and  Chenoweth  1984),  and 
adult  smokers  who  score  high  on  Negative  Affect  reduction  are  more 


398 


likely  to  relapse  after  smoking  cessation  treatment  (Pomerleau, 
Adkins,  Perstchuk  1978). 

McKennell  (1970)  found  65  to  75  percent  of  adults  reporting  that 
they  perceived  smoking  to  reduce  nervous  irritation,  and  comparable 
levels  of  endorsement  were  found  for  other  dimensions  of  negative- 
and  positive-affect  regulation  factors.  Some  data  indicate  that 
endorsement  rates  for  habitual,  stimulation,  sensorimotor  manipula- 
tion, and  social  confidence  smoking  are  low  in  absolute  terms  (Ikard, 
Green,  Horn  1969;  McKennell  1970).  A  study  of  young  children 
(Eiser,  Walsh,  Eiser  1986)  found  that  mood  regulation  effects  of 
smoking  were  clearly  perceived  by  subjects  in  the  7-  to  8-  and  10-  to 
11-year-old  age  ranges;  this  suggests  that  perceived  functions  of 
smoking  may  be  learned  partly  by  observation  rather  than  through 
direct  experience. 

The  conclusion  from  this  literature  is  that  in  the  general  popula- 
tion, persons  perceive  that  smoking  has  functions  that  are  relevant 
for  mood  regulation.  Persons  report  that  they  smoke  more  in 
situations  involving  negative  mood,  and  they,  perceive  that  smoking 
helps  them  to  feel  better  in  such  situations.  Additionally,  smoking  is 
perceived  to  increase  positive  mood  in  some  situations.  These  data  do 
not  necessarily  indicate  that  the  various  functions  characterize 
different  types  of  smokers;  rather,  they  suggest  that  most  functions 
are  salient  to  an  individual  but  are  operative  at  different  times  or  in 
different  situations.  Similar  to  the  discussion  of  smoking  and 
performance  in  the  first  Section  of  this  Chapter,  self-reports  by 
smokers  that  they  smoke  under  stress  may  indicate  direct  effects  of 
smoking  and  nicotine  or  may  reflect  effects  of  smoking  deprivation 
that  are  relieved  by  smoking.  Whichever  interpretation  is  correct, 
individuals  certainly  report  that  stress  is  associated  with  smoking. 

Stress  and  Smoking 

There  is  evidence  that  stress  can  increase  the  likelihood  of 
initiation  of  smoking  if  cigarettes  are  available.  Further,  consider- 
able evidence  exists  to  link  negative-affect  states  to  smoking 
behavior.  The  database  includes  studies  of  stress  as  a  risk  factor  for 
smoking  initiation  during  adolescence  and  studies  on  stress  and 
rates  of  smoking  among  adults. 

Stress  and  Smoking  Initiation 

Several  studies  have  shown  stress  to  be  related  to  the  onset  of 
smoking  in  early  adolescence.  Studies  of  smoking  initiation  typically 
survey  a  large  sample  of  adolescents  beginning  at  approximately  12 
years  of  age,  because  the  onset  of  cigarette  smoking  is  greatest 
during  the  junior  high  school  period  (Fishburne,  Abelson,  Cisin  1980; 
Green  1979).  Measures  of  psychosocial  risk  factors  are  obtained  from 
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questionnaire  scales,  and  indices  of  smoking  status  are  usually 
obtained  from  self-report  by  respondents,  sometimes  accompanied  by 
a  biochemical  index  of  smoking.  There  is  evidence  indicating  that 
self-reports  of  smoking  by  adolescents  are  generally  accurate, 
although  the  accuracy  of  self-report  data  may  be  increased  by 
administration  of  biochemical  measures  (Murray  et  al.  1987). 
Convergent  results  from  cross-sectional  and  prospective  studies  show 
that  stress  is  antecedent  to  substance  use  onset  and  is  not  a 
consequence  of  the  initiation  of  smoking  (Gorsuch  and  Butler  1976; 
Kandel  1978;  Kandel,  Kessler,  Margulies  1978;  Kaplan  et  al.  1986). 

The  most  direct  evidence  linking  smoking  to  negative  mood  states 
is  based  on  measures  of  subjective  stress.  A  cross-sectional  study  by 
Mitic,  McGuire,  and  Neumann  (1985)  surveyed  a  random  sample  of 
1,684  school  students  in  grades  7  through  12  in  a  medium-sized 
Canadian  community  and  obtained  measures  indexing  whether 
students  felt  nervous,  anxious,  or  worried  as  a  result  of  12  potential 
problem  areas.  Analyses  for  the  total  sample  indicated  that  regular 
and  heavy  smokers  scored  higher  on  perceived  stress,  compared  with 
nonsmokers.  A  related  study  by  Hirschman,  Leventhal,  and  Glynn 
(1984)  employed  as  the  criterion  variable  a  retrospective  report  of 
smoking  experiences  during  the  previous  2  years.  Data  were 
obtained  from  a  stratified  sample  of  386  students  in  grades  2  through 
10  in  a  midwestern  community.  Analyses  of  data  on  smoking 
transitions  indicated  that  a  measure  of  affective  distress  was  related 
to  rapid  transitioius  from  experimental  to  regular  smoking.  These 
results  were  obtained  in  multivariate  analyses  with  control  for  other 
variables  including  age,  peer  and  parental  smoking,  and  risk-taking 
tendency. 

Comparable  findings  occurred  in  a  prospective  study  by  Wills 
(1985, 1986)  of  a  population  sample  of  675  students  in  the  7th  grade 
in  a  New  York  City  school  district.  Analjrses  for  a  14-item  scale  of 
subjective  stress  reactions  showed  that  high  stress  was  related  to 
increased  levels  of  smoking  over  a  2-year  period.  Additional  data 
from  this  cohort  and  a  replication  cohort  of  901  students  were 
obtained  with  measures  of  everyday  negative  events  and  major  life 
events.  Multivariate  anal3rses  of  these  data  indicated  that  all  three 
measures  of  stress  were  related  to  smoking,  with  major  negative 
events  being  the  statistically  strongest  predictor.  These  analyses 
indicated  that  the  effect  of  stress  on  smoking  was  not  attributable  to 
other  variables  including  sex,  race,  locus  of  control,  self-esteem, 
social  activity,  and  assertiveness.  These  findings  are  consistent  with 
laboratory  data  indicating  that  females  under  stress  are  more 
willing  to  try  additional  cigarettes  after  an  initial  smoking  experi- 
ence (Silverstein  et  al.  1982). 

It  should  be  noted  that  adoption  of  cigarette  smoking  has  been 
shown  to  be  a  risk  factor  for  subsequent  adoptions  of  other  types  of 
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substance  use.  Although  many  adolescents  who  smoke  do  not  become 
regular  users  of  other  drugs,  there  are  typically  a  concurrent 
correlation  between  smoking  and  other  types  of  drug  use  (Hays, 
Stacy,  DiMatteo  1984;  Single,  Kandel,  Faust  1974;  Revell,  Warbur- 
ton,  Wesnes  1986)  and  a  statistical  relationship  between  early 
cigarette  smoking  and  subsequent  use  of  hard  liquor  and  marijuana 
(Kandel  1975;  Donovan  and  Jessor  1983).  There  is  no  direct  evidence 
linking  multiple  drug  use  to  mood  regulation  effects,  but  it  has  been 
shown  that  n^ative  life  events  are  a  risk  factor  not  only  for 
cigarette  smoking,  but  also  for  several  types  of  other  drug  use  (Bruns 
and  Geist  1984;  Kellam,  Brown,  Fleming  1982;  Newcomb  and 
Harlow  1986). 

For  interpretation  of  data  on  stress  and  smoking  in  adolescents, 
the  primary  methodological  issue  concerns  a  possible  third  confoimd- 
ing  variable.  It  may  be  that  high  levels  of  subjective  stress  are  most 
prevalent  among  adolescents  who  have  difficulty  adjusting  to  school 
and  family  because  of  underlying  psychopathology  (Depue  and 
Monroe  1986)  and  who  identify  with  the  values  of  a  deviant  lifestyle 
that  includes  substance  use  and  delinquent  behavior  (Jessor  and 
Jessor  1977).  The  current  evidence  argues  against  this  interpreta- 
tion; some  data  show  that  stress-smoking  correlations  remain 
significant  with  control  for  variables  such  £is  risk-taking,  perceived 
control,  and  self-esteem  (Hirschman,  Leventhal,  Gljmn  1984;  New- 
comb  and  Harlow  1986;  Wills  1985),  and  it  has  been  shown  that 
negative  life  events  that  could  not  be  self-caused  by  adolescents  show 
an  independent  predictive  relationship  to  smoking  (Wills  1986).  The 
current  evidence,  however,  is  minimal  and  does  not  clearly  rule  out 
the  alternative  interpretation.  At  present  it  can  be  concluded  that 
subjective  stress  may  be  a  risk  factor  for  adolescent  smoking. 

Stress  and  Cigarette  Consumption 

In  considering  evidence  on  affective  factors  and  cigarette  consump- 
tioft'among  regular  users,  both  epidemiological  and  laboratory  data 
are  available.  Designs  in  the  epidemiological  studies  are  relatively 
weak  because  studies  are  largely  cross-sectional,  making  causal 
interpretation  difficult.  When  longitudinal  data  are  available,  the 
followup  periods  are  rather  short  (approximately  1  year)  in  relation 
to  the  probable  time  course  of  stress-smoking  relationships  in  adult 
populations.  The  following  section  presents  the  epidemiological 
evidence  and  laboratory  studies  of  stress  and  smoking. 

A  large  body  of  personality  research  has  linked  measures  in  the 
category  of  "neuroticism"  to  cigarette  smoking  among  adult  popula- 
tions (Kozlowski  1979).  These  measures,  which  include  scales  of 
nervousness,  emotionality,  and  anxiety,  are  conceptually  similar  to 
the  concept  of  negative  affectivity  as  defined  by  Watson  and  Clark 
(1984);  that  is,  the  tendency  to  perceive  and  experience  negative 
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affect.  Theoretically,  this  is  the  most  relevant  construct  for  examin- 
ing links  between  affective  factors  and  smoking.  Of  the  50  studies 
reviewed  by  Kozlovnski  (1979),  half  showed  a  significant  relationship 
between  neuroticism  and  smoking.  Three  studies  in  this  literature 
showed  the  relationship  between  neuroticism  and  smoking  to  be 
more  characteristic  of  females  than  males  (Cherry  and  Kiernan 
1976;  Clausen  1968;  Waters  1971).  These  studies  were  mostly  cross- 
sectional,  making  inferences  of  causality  problematic  because  of  the 
possibility  that  smoking  caused  feelings  of  anxiety  and  depression. 
Also,  Cherry  and  Kiernan  (1976)  analyzed  longitudinal  data  and 
found  that  neuroticism  predicted  initiation  of  smoking  by  women  but 
neuroticism  predicted  decreased  likelihood  of  quitting  by  men.  One 
prospective  study  (Seltzer  and  Oechsli  1985)  related  personality 
measures  obtained  at  age  10  to  smoking  status  at  age  16  in  a  sample 
of  1,127  subjects  from  health  maintenance  organizations  in  the 
Oakland,  California,  area.  The  prospective  analyses  showed  that 
measures  of  anger,  restless  sleep,  and  Type  A  personality  were 
significantly  related  to  onset  of  smoking.  These  analyses  were 
performed  with  control  for  parental  socioeconomic  status  and 
smoking.  Measures  of  neuroticism  and  anxiety  did  not  discriminate 
smokers  in  these  analyses. 

In  the  laboratory,  smokers  tend  to  smoke  more  during  stressful 
situations  (Epstein  £md  Collins  1977;  Rose,  Ananda,  Jarvik  1983; 
Schachter  et  al.  1977).  Individuals  attempting  to  quit  smoking  tend 
to  experience  relapses  into  a  state  of  continued  smoking  during 
stressful  situations  (Shiffman  1986).  Such  findings  are  consistent 
with  the  self-reported  claims  of  smokers  that  tiiey  smoke  in  order  to 
reduce  stress-induced  negative  affect.  However,  there  is  no  convinc- 
ing research  evidence  to  indicate  whether  smoking  actually  reduces 
stress.  It  may  be  that  smoking  reduces  stress  relative  to  smoking 
deprivation  or  that  smoking  increases  during  stress  without  attenu- 
ating it. 

It  has  been  suggested  that  smokers  smoke  as  a  technique  to  deal 
with  stress  (Wills  1985).  If  smoking  is  indeed  used  as  a  coping 
mechanism,  individuals  with  poor  coping  skills  and/or  with  high 
degrees  of  chronic  stress  would  be  expected  to  have  a  h^her 
prevalence  of  smoking.  Three  prospective  studies  have  found  associa- 
tions between  anxious,  aggressive,  and  generally  neurotic  personali- 
ty traits  in  childhood  and  the  tendency  toward  smoking  later  in  life 
(Cherry  and  Kiernan  1976;  Lerner  and  Vicary  1984;  Seltzer  and 
Oechsli  1985).  Cross-sectional  surveys  have  repeatedly  supported 
these  finding,  showing  that  neurotic,  depressed,  angry,  and  rebel- 
lious individuals  are  more  likely  to  smoke  compared  with  more 
emotionally  stable  individuals  (Spielberger  1986).  Ninety  percent  or 
more  of  alcoholics  smoke  (Istvan  and  Matarazzo  1984)  compared  with 
about  30  percent  of  the  general  adult  non-alcoholic  population  in  the 
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United  States.  Individuals  who  commit  suicide  are  much  more  likely 
to  be  smokers  (Cederlof,  Friberg,  Lundman  1977;  Doll  and  Peto 
1976).  It  has  been  argued  that  individuals  with  personality  distur- 
bances and  related  psychological  problems  may,  in  some  cases,  be 
using  nicotine  as  a  form  of  self-medication  (Brown  1973;  Warburton, 
Wesnes,  Revell  1983).  It  has  also  been  noted  that  the  symptoms  of 
nicotine  withdrawal  syndrome  are  very  similar  to  those  of  clinical 
depression  (Gilbert  and  Welser,  in  press).  Emotional  and  psychologi- 
cal disorders  with  high  incidences  of  tobacco  consumption  are 
characterized  by  high  degrees  of  negative  affect,  and  it  seems  likely 
that,  like  other  tobacco  consumers,  individuals  with  such  disorders 
use  tobacco  as  a  means  of  coping  with  n^ative  affect  and  stress. 

Recent  studies  have  used  measures  more  directly  linked  to  the 
experience  of  stress.  In  a  survey  of  a  sample  of  505  Navy  men  on 
amphibious  assault  ships,  Burr  (1984)  employed  a  19-item  measure 
indexing  perceived  stress  from  the  domains  of  job,  organization,  and 
family  and  related  the  stress  scales  to  a  single  item  about  smoking 
status.  Results  showed  that  two  scales  from  the  stress  measure, 
indexing  Role  Conflict  and  Family  Strain,  were  significant  discrimi- 
nators of  smokers  and  nonsmokers  in  this  sample.  These  results  are 
cross-sectional,  but  were  obtained  in  a  multivariate  analysis  that 
included  a  measure  of  locus  of  control.  Similar  results  were  found  in 
a  cross-sectional  study  by  Tagliacozzo  and  Vaughn  (1982)  in  a  sample 
of  448  hospital  nurses,  using  a  26-item  inventory  of  job-related  stress. 
In  this  study,  the  stress-smokix^  relationship  was  found  primarily 
among  respondents  who  were  younger  (<28  years)  and  single. 
Billings  and  Moos  (1983)  studied  a  community  sample  of  608  adult 
respondents  in  the  San  Fr£uicisco  area  and  found  that  heavy  smokers 
differed  from  nonsmokers  in  showing  higher  levels  of  anxie- 
ty/depression 83rmptoms  and  negative  life  events  (during  the  previ- 
ous year)  in  the  areas  of  work  strain  and  family  illness.  Correlations 
between  stressors  and  amount  of  smoking  were  found  primarily  for 
heavy  smokers,  not  for  light  smokers  in  this  population.  These  data 
are  consistent  with  findings  from  a  community  sample  of  938  adults 
in  New  Haven  (Lindenthal,  Myers,  Pepper  1972).  This  study  found 
that  a  high  level  of  negative  events  (during  the  previous  year)  was 
related  to  increased  rates  of  smoking,  with  some  data  suggesting  that 
this  effect  occurred  primarily  among  persons  scoring  high  on 
psychological  impairment  as  measured  by  the  Gurin  Index.  In  this 
study  the  relationship  between  stress  and  smoking  held  with  control 
for  sex,  race,  age,  marital  status,  and  social  class. 

Only  two  studies  have  examined  smoking  and  stress  at  more  than 
one  time  point.  Conway  and  associates  (1981)  studied  a  sample  of  34 
Navy  officers  in  a  training  setting.  Data  were  obtained  on  stressors 
and  smoking  for  14  study  days  over  an  8-month  period.  The  days 
were  categorized  by  independent  raters  for  stre^  level;  additionally, 
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subjects  made  a  daily  rating  on  an  eight-item  scale  of  mood  and 
subjective  stress.  Results  showed  that  rates  of  smoking  were 
significantly  correlated  with  both  the  daily  subjective  stress  mea- 
sures and  with  the  objective  categorization  of  days  for  stress  level. 
Items  on  perceived  stress,  anger,  fatigue,  and  fear  were  significantly 
related  to  smoking  in  the  overall  sample,  but  an  item  on  depression 
was  not  significantly  correlated  with  smoking.  Within-subject  analy- 
ses of  stress-smoking  relationships  indicated  that  the  significant 
overall  correlations  were  apparently  due  to  a  small  number  of 
individuals,  but  there  were  no  data  presented  to  discriminate  these 
more  reactive  individuals  from  other  members  of  the  sample.  A 
prospective  study  by  Aneshensel  and  Huba  (1983)  was  based  on 
longitudinal  data  from  four  time  periods  with  a  community  sample 
of  742  adult  respondents  in  the  Los  Angeles  area.  Data  on  cigarette 
smoking,  scored  on  a  l-to-5  scale,  were  obtained  at  baseline  and  at  a 
1-year  foUowup  interval.  Results  showed  that  a  baseline  measure  of 
depression  w£is  not  related  to  smoking  either  concurrently  or  over 
the  1-year  interval. 

The  field  studies  are,  for  the  most  part,  ambiguous  with  respect  to 
causal  interpretation.  This  difficulty  is  alleviated  in  laboratory 
studies  in  which  subjects  are  randomly  assigned  to  conditions  £ind 
predictor  variables  are  experimentally  manipulated.  Several  studies 
of  stress  and  smoking  in  laboratory  settings  have  consistently  found 
that  stress  increases  rates  of  smoking.  The  stressors  manipulated 
include  threat  of  electric  shock  (Schachter  et  al.  1977),  noise  (Cherek 
1985;  Gk>lding  and  Mangan  1982),  and  performance  anxiety  CE^e, 
Ananda,  Jarvik  1983).  These  latter  researchers  also  employed  a 
concentration  task  and  found  that  smoking  increased  in  both  the 
anxiety  and  concentration  conditions,  compared  with  a  control 
condition.  One  study,  using  a  public  speaking  manipulation,  failed  to 
find  a  significant  effect  of  stress  on  smoking  (Glad  and  Ad^so  1976). 

Based  on  epidemiol(^cal  and  laboratory  research,  it  can  be 
concluded  that  stress  increases  the  rate  of  smoking  among  regular 
smokers.  The  convergence  of  results  from  cross-sectional,  retrospec- 
tive, and  repeated-measures  studies,  in  combination  with  findings 
from  laboratory  research,  supports  the  interpretation  of  a  causal 
relationship.  There  is  some  evidence  jsuggestii^  that  life  stress  has  a 
greater  impact  among  heavy  smokers  and  among  persons  scoring 
high  on  negative-affect  measures,  but  evidence  on  individual  differ- 
ences in  this  literature  is  minimal.  The  psychological  mechanisms 
linking  stress  to  increased  smoking  have  not  been  clearly  demon- 
strated (Leventhal  and  Cleary  1980;  Schachter,  Silverstein,  Perlick 
1977;  Pomerleau  and  Pomerleau  1984).  It  may  be  that  smoking 
attenuates  stress  (e.g.,  by  regulating  mood),  that  smoking  increases 
during  stress  but  does  not  attenuate  it,  or  that  smoking  during  stress 
is  experienced  as  less  stressful  only  when  compared  with  smoking 
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deprivation  during  stress.  Some  lalM>ratory  studies  and  substantial 
theoretical  speculations  have  addressed  these  issues  and  are  dis- 
cussed below. 

Do  Smoking  and  Nicotine  Reduce  Stress  and  Improve 
Mood? 

There  is  evidence  that  smoking  is  perceived  as  helpful  for  coping 
with  stress  and  dysphoric  mood.  A  further  question  is  whether 
smoking  actually  reduces  stress  or  improves  mood.  In  epidemiologi- 
cal studies,  this  question  has  not  been  directly  addressed,  a  major 
limitation  in  the  literature.  There  are  some  laboratory  studies  that 
bear  on  this  question.  This  Section  summarizes  experimental 
findings  concerning  the  effects  of  smoking  and  nicotine  on  strei^  and 
affect  modulation. 

Self-Reported  Stress  Reduction  and  Affect  Modulation 

Smoking-deprived  smokers  usually  report  more  negative  affect 
than  do  smokers  who  are  allowed  to  smoke  if  the  setting  is  one  which 
tends  to  produce  mild-to-moderate  negative  affect.  Compared  with 
those  deprived  for  an  hour  or  more,  individuals  allowed  to  smoke 
report  less  gmxiety  (Gilbert  and  Spielberger  1987;  Heimstra  1973; 
Pomerleau,  Turk,  Fertig  1984;  Jarvik  et  al.,  in  press)  as  well  as  less 
anger  and  irritation  (Cetta  1977;  Heimstra  1973;  Neetz  1979)  during 
performance  of  a  variety  of  slightly  stressful  tasks.  Tobacco  depriva- 
tion is  also  associated  with  self-reports  of  decreased  alertness, 
lessened  mental  efficiency,  and  increased  boredom  during  a  variety 
of  cognitive  tasks  (Frankenhaeuser  et  al.  1971;  Heimstra  1973). 

Experimental  research  suggests  that  nicotine  is  the  most  impor- 
tant, and  possibly  the  essential,  component  of  the  affect-modulating 
properties  of  tobacco  use  (Gilbert  and  Welser,  in  press;  Pomerleau 
and  Pomerleau  1984).  For  example,  studies  comparing  the  effects  of 
nicotine-containing  gum  with  no-nicotine  placebo  gum  report  that 
nicotine  reduces  negative  affect  in  nicotine-deprived  habitual  smok- 
ers (Hughes  et  al.  1984;  Jarvis  et  al.  1982;  West  et  al.  1984).  In 
addition,  habitual  smokers  assigned  to  smoke  cigarettes  of  normal 
nicotine  yield  report  less  negative  affect  than  those  who  smoke  very- 
low-nicotine-jdeld  cigarettes  (Gilbert  1985;  Perlick  1977). 

However,  a  number  of  studies  have  not  observed  reduced  negative 
affect  due  to  smoking  high-  versus  low-nicotine-yield  cigarettes 
(Bowen  1969;  Dubren  1975;  Fleming  and  Lombardo  1987;  Gilbert  and 
Hagen  1980;  Gilbert  1985;  Hatch,  Biemer,  Fisher  1983).  Gilbert  and 
Welser  (in  press)  suggest  that  these  studies  included  inadequate 
periods  of  tobacco  deprivation  and  excessively  rapid  smoking  of 
multiple  cigarettes  (probably  producing  nicotine  toxicity).  Degree 
and  type  of  stress  to  which  subjects  are  exposed  may  also  influence 
outcomes.  There  is  evidence  suggesting  that  nicotine  has  stress- 
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attenuating  effects  when  stressor  stimuli  are  mUd  or  moderate, 
distal  (anticipatory),  and  ambiguous,  but  fails  to  have  such  effects 
when  stressors  are  brief,  proximal,  and/or  intense  (Gilbert  and 
Welser,  in  press).  More  research  is  needed  to  evaluate  these 
possibilities. 

Behavioral  Indices  of  Stress  Reduction  and  Affect  Modulation 

A  small  number  of  studies  that  used  behavioral  indices  of  affect 
support  the  hypothesis  that  nicotine  can  reduce  negative  affect. 
Several  studies  report  that  smoking,  or  smoking  a  high-nicotine 
relative  to  a  low-nicotine  cigarette,  is  associated  with  reduced 
aggression  (Cherek  1981;  Schechter  and  Rand  1974).  However,  Jones 
and  Leiser  (1976)  found  no  such  effects  on  aggressive  behavior  by 
using  similar  procedures.  In  addition,  without  nonsmokers  as 
controls,  it  is  impossible  to  know  whether  the  di£ferences  that  were 
reported  between  conditions  resulted  from  nicotine  administration 
or  nicotine  deprivation. 

Hughes  and  colleagues  (1984)  asked  spouses  to  provide  daily 
ratings  of  the  subjects'  behavioral  indications  of  mood.  These 
subjects  had  abruptly  quit  smoking  and  were  randomly  assigned  to 
chew  placebo  gum  or  gum  containing  nicotine.  Subjects  who  chewed 
the  placebo  gum  werei  rated  by  their  spouses  as  exhibiting  signifi- 
cantly more  anger  and  tension  after  quitting  smoking,  while  those 
who  chewed  nicotine  polacrilex  gum  showed  little  change  in  these 
emotional  states.  Thus,  it  appears  that  the  nicotine  provided  by  the 
gum  replaced  the  nicotine  previously  obtained  by  smoking,  so  that 
there  was  little  change  in  mood.  However,  it  a\ao  appears  that 
nicotine  deprivation  resulted  in  the  tension  and  anger  and  that 
nicotine  did  not  reduce  these  variables  below  baseline  values. 

Several  studies  have  used  pain  thresholds  as  dependent  variables 
in  assessing  the  effects  of  smoking  and  nicotine  on  anxiety.  Two 
studies  that  tested  the  effects  of  smokii^  cigarettes  of  different 
nicotine  yield  on  electric  shock  endurance  report  elevated  endurance 
thresholds  in  subjects  who  smoked  relative  to  those  who  did  not  and 
in  the  high-nicotine-cigarette  conditions  relative  to  the  low-nicotine- 
cigarette  conditions  (Nesbitt  1969;  Silverstein  1982).  The  increased 
willingness  to  endure  electric  shock  by  individual^  in  the  smoking 
and  high-nicotiiie  conditions  was  interpreted  by  tiiese  investigators 
and  others  (Schachter  1973)  as  indicating  that  nicotine  reduces  the 
anxiety  associated  with  the  electric  shock.  Other  studies  used  the 
length  of  time  that  individuals  are  willing  to  endure  pain  associated 
with  immersion  of  a  hand  or  foot  in  ice  water  (the  cold-pressor  test) 
as  an  indicator  of  anxiety.  These  studies  also  showed  that  smoking 
and  another  means  of  nicotine  administration  (snuff)  increase 
endurance  in  this  test.  However,  the  anxiol3^ic  interpretation  of 
increased  pain  thresholds  has  been  questioned  (Gilbert  1979), 
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because  of  the  observation  that  in  some  situations  nicotine  has  been 
reported  to  increase  detection  thresholds  for  tactile  (including 
electrical)  stimuli.  It  may  be  that  nicotine  reduces  sensitivity  to  pain 
directly,  rather  than  via  reduction  of  anxiety.  Several  studies  have 
failed  to  find  increased  shock  endurance  thresholds  associated  with 
smoking  (Jarvik  et  al.,  in  press;  Milgrom-Friedman,  Penman,  Meares 
1983;  Shiffman  and  Jarvik  1984).  In  addition,  it  is  unclear  whether 
smoking  and  nicotine  reduced  these  operational  estimates  of  stress 
or  whether  smoking  deprivation  increased  them. 

Studies  of  the  effects  of  acute  doses  of  nicotine  on  behavioral 
measures  of  activity  in  animals  indicate  that  nicotine  may  reduce 
negative  affect  in  a  number  of  different  species  (Bell,  Warburton, 
Brown  1985;  Emley  and  Hutchinson  1983).  However,  close  inspection 
of  the  procedures  used  in  these  studies  reveals  that  doses  that 
suppress  behavioral  indices  of  emotion  also  may  produce  nicotine 
toxicity.  Such  high  doses  may  decrease  a  large  variety  of  behavioral 
indices  due  to  the  induction  of  physical  distress.  However,  Silverman 
(1971),  using  doses  of  nicotine  comparable  to  smoking  doses,  reported 
nicotine-induced  reductions  of  aggression.  Careful  evaluation  of 
studies  of  the  effects  of  nicotine  on  indices  of  emotion  in  nonhuman 
subjects  indicates  that  while  these  studies  generally  support  the  view 
that  nicotine  has  inherent  negative-affect-reducing  properties  inde- 
pendent of  withdrawal  effects,  most  have  administered  such  high 
doses  of  nicotine  as  to  make  their  relevance  to  habitual  nicotine  use 
in  humans  questionable. 

Overall,  evidence  from  experimental  studies  supports  survey 
findings  suggesting  that  tobacco  use  and  nicotine  consumption  are 
associated  with  decreases  in  negative  affect  in  habitual  tobacco 
users.  As  was  true  for  the  learning  and  performance  literature, 
caution  must  be  exercised  in  generalizing  about  smoking  and 
nicotine's  effects  on  stress  and  mood  because  most  laboratory  studies 
compare  smokers  smoking  with  smokers  not  smoking.  Few  studies 
include  the  important  control  group  of  nonsmokers  not  smoking  to 
allow  unequivocal  determinations  of  whether  smoking  and  nicotine 
are  stress  reducing  or  whether  smoking  abstinence  and  nicotine 
deprivation  are  stress  increasing.  Certainly,  it  seems  that  smoking 
by  smokers  is  stress  reducing  compared  with  smokers  not  smoking. 
The  experimental  literature  suggests  that  smoking  and  nicotine  may 
reduce  negative  affect  most  effectively  in  situations  involving  mild 
or  moderate  distal  (anticipatory)  anxiety  and/or  ambiguous  stres- 
sors. The  roles  that  individual  differences  in  personality,  tempera- 
ment, and  psychopathology  may  play  in  determining  the  nature  or 
degree  of  the  stress-reducing  effects  of  nicotine  are  yet  to  be 
determined. 
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Si^gested  Mechanisms  Underlying  Nicotine's  Elffects  on 
Stress  and  Mood 

Based  oh  the  extant  epidemiological  literature  linking  stress  and 
smoking  and  the  laboratory  studies  indicating  that  stress  increases 
smoking,  several  investigators  have  offered  mechanisms  to  explain 
these  relationships.  Th^e  theoretical  positions  are  varied  and  none 
has  yet  received  unequivocal  support  to  the  exclusion  of  the  other 
proposed  mechanisms.  Perhaps  several  or  all  of  these  mechanisms 
are  operating.  The  major  positions  are  reviewed  below. 

An  Emphasis  on  Nicotine ,  Withdrawal  Symptoms 

Schachter  (1979)  suggested  that  nicotine  reduces  n^ative  affect  in 
smokers  simply  by  reducing  ssonptoms  of  nicotine  withdrawal. 
Increased  irritability,  anxiety,  and  depression  are  the  most  common 
symptoms  of  smoking  withdrawal  (Murray  and  Lawrence  1984),  and 
these  are  the  very  emotions  that  appear  to  be  most  consistently 
reduced  by  acute  doses  of  nicotine  in  nicotine-deprived  smokers 
(Gilbert  and  Welser,  in  press).  Thus,  alleviation  of  withdrawal 
symptoms  may  account  for  the  capacity  of  nicotine  to  reduce 
negative  affect  in  nicotine-deprived  smokers. 

The  degree  to  which  an  individual  is  physically  dependent  on 
nicotine  may  account  for  the  variable  effects  observed.  Perlick  (1977) 
found  that  normal-nicotine-delivery  cigarettes  alleviated  annoyance 
in  heavy  but  not  light  smokers.  On  the  other  hand,  the  reduction  in 
negative  affect  following  nicotine  administration  may  not  be  simply 
and  solely  a  consequence  of  withdrawal  symptom  relief,  because 
several  investigations  showing  such  effects  used  minimally  deprived 
individuals  who  had  not  developed  withdrawal  symptoms  (Pomer- 
leau  1981). 

A  variant  of  this  proposed  mechanism  suggests  that  smoking 
increases  under  stress  and  in  dysphoric  mood  states  because 
biological  and  psychological  effects  of  stress  and  dysphoric  moods  are 
similar  to  the  experience  of  nicotine  withdrawal.  From  past  experi- 
ence, smokers  learn  that  smoking  alleviates  these  unpleasant  states. 
Therefore,  stressors  and  d^phoric  moods  come  to  elicit  smoking 
because  of  conditioned  responses  or  because  of  misattribution  of  the 
unpleasant  experiences  to  nicotine  withdrawal  (Barefoot  and  Girodo 
1972;  Grunberg  and  Baum  1985).  This  misattribution  model  has 
some  empirical  support  but  requires  careful  examination. 

Neurochemical  Models 

Evidence  has  been  offered  in  support  of  the  hypothesis  that 
nicotine-induced  release  of  glucocorticoids  and  other  neuromodula- 
tors, such  as  the  endogenous  opioid  beta-endorphin,  may  account  for 
nicotine's  capacity  to  reduce  stress  and  negative  affect  (Gilbert  1979; 
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Pomerleau  and  Pomerleau  1984).  While  high  doses  of  nicotine  and 
rapid  smoking  of  cigarettes  after  a  period  of  smoking  deprivation 
cause  reliable  increases  in  plasma  concentrations  of  such  neuromo- 
dulators (Seyler  et  al.  1986),  it  is  not  clear  whether  normal  smoking 
during  nonstressful  conditions  causes  increases  in  these  neuromodu- 
lators (Gilbert  and  Welser,  in  press).  However,  normal  smoking  in 
combination  with  mild-to-moderate  stress  may  result  in  such  in- 
creases. In  addition,  even  if  such  neurochemical  changes  occur,  it  is 
not  clear  whether  they  act  to  modulate  stress  or  dysphoric  moods. 

Diphasic  Action  on  the  Sympathetic  Nervous  System 

Studies  of  human  performance  show  that  performance  on  simple 
tasks  is  improved  by  higher  arousal,  but  performance  on  complex 
tasks  is  impaired  by  a  high  arousal  level  (Levine,  Kramer,  Levine 
1976).  In  coping  with  the  var3dng  demands  of  daily  life,  at  times  it 
may  be  advantageous  to  vary  the  level  of  S3mipathetic  nervous 
system  (SNS)  arousal.  The  ability  to  regulate  arousal  in  this  fashion 
would  enable  individuals  to  appraise  stressful  situations  as  less 
threatening  and  could  result  in  improved  performance  in  various 
conditions.  There  is  some  evidence  su^esting  that  nicotine  may 
have  biphasic  effects  on  SNS  responses,  producing  either  stimulatory 
effects  or  dampening  effects  under  different  conditions.  Under 
conditions  of  low  environmental  demand,  the  effect  of  nicotine  is 
generally  to  produce  stimulatory  or  SNS  arousal  effects,  including 
increases  in  heart  rate  and  blood  pressure  (Grunbei^  and  Baum 
1985;  MacDougall  et  al.  1983,  1986).  This  effect  may  be  responsible 
for  the  perceived  functions  of  "stimulation"  or  coping  with  "inactivi- 
ty/boredom" (Best  and  Hakstian  1978;  Coan  1973;  Ikard,  Green, 
Horn  1969;  LeventheQ  and  Avis  1976),  and  there  is  evidence 
indicating  that  smoking  improves  performance  on  simple  tasks 
(Suraway  and  Cox  1986;  Wesnes  and  Warburton  1983).  At  high  levels 
of  arousal,  however,  there  is  some  evidence  that  nicotine  produces 
central  nervous  system  (CNS)  tranquilization  effects  or  reduces 
reactivity  to  stressful  stimulation  (Armitage,  Hall,  Sellers  1969; 
Ashton  et  al.  1974;  Golding  and  Mangan  1982;  Woodson  et  al.  1986). 
Evidence  suggests  that  nicotine  can  restore  high  brain  activation  to 
moderate  levels.  In  low-arousal  situations,  such  as  vigilance  tasks, 
nicotine  produces  cortical  activation  and  increased  alertness  (Ed- 
wards et  al.  1985).  Increased  cortical  activation  could  increase 
hedonic  tone  directly  or  indirectly  by  allowing  the  individual  to 
perform  more  effectively  on  desired  tasks  and  thus  to  experience 
indirect  rewards  such  as  the  perception  of  increased  self-efQcacy.  In 
contrast,  nicotine  has  been  associated  with  decreased  cortical 
activation  and  reduced  anxiety  in  stressful  conditions  (Gilbert  1985; 
Golding  and  Mangan  1982).  Nicotine  administration  by  smoking  and 
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other  means  may  allow  individuals  to  achieve  a  hedonically  more 
desirable  level  of  cortical  activation  (Ejrsenck  1972). 

At  present,  there  is  no  direct  evidence  linking  these  physiological 
effects  to  perceived  stress  reduction  or  improved  performance  under 
stressful  conditions.  This  position  is  also  consistent  with  the  findings 
reported  in  the  first  Section  of  this  Chapter. 

Altered  Body  Activity 

Several  mechanisms  based  on  altered  body  activity  may  account 
for  nicotine's  stress-reducing  effects.  First,  based  on  evidence  that 
nicotine  may  in  some  situations  increase  the  threshold  for  electric 
shock  (Mendenhall  1925)  and  on  the  observation  that  nicotine- 
induced  increases  in  cardiovascular  activity  typically  do  not  produce 
corresponding  increases  in  perceived  heart  activity  (Gilbert  and 
Hagen  1980),  nicotine  may  reduce  the  intensity  of  emotional 
experiences  by  increasing  perceptual  thresholds  for  emotion-related 
feelings  of  bodily  arousal  (Gilbert  1979).  The  small  number  of  studies 
evaluating  this  hypothesis  have  provided  mixed  results  (Suit  and 
Moss  1986),  possibly  because  some  have  not  been  carried  out  under 
conditions  of  h^h  stress.  This  elevated  perceptual  threshold  model  is 
consistent  with  the  CNS  arousal  modulation  model  and  with  the 
neuromodulator  model  in  predicting  that  under  conditions  of  he^ht- 
ened  stress,  nicotine  should  elevate  perceptual  and  pain-endurance 
thresholds. 

A  related  possibility  is  that  smoking  reduces  sensitivity  to  painful 
stimuli  and  sensitivity  to  internal  proprioceptive  cues  that  produce 
discomfort.  Antinociceptive  action  (i.e.,  reducing  perception  of  pain 
stimuli)  has  been  documented  in  several  animal  studies  (Friedman, 
Horvath,  Meares  1974;  Sahley  and  Berntson  1979;  Tripathi,  Martin, 
Aceto  1982).  Evidence  from  humans  is  mixed,  with  several  studies 
showing  that  smoking  increases  tolerance  to  painful  stimuli  (Pomer- 
leau,  Turk,  Fertig  1984;  Nesbitt  1973;  Silverstein  1982),  and  the 
effect  is  attributable  specifically  to  nicotine  intake  rather  than  to  the 
physical  act  of  smoking  (Fertig,  Pomerleau,  Sanders  1986).  Several 
studies  have  failed  to  find  effects  of  smoking  on  pain  thresholds 
(Shiffman  and  Jarvik  1984;  Suit  and  Moss  1986;  Waller  et  al.  1983). 
These  null  results  may  be  attributable  to  methodological  details  such 
as  gender  differences  or  differences  in  current  nicotine  level. 

Another  possibility  is  that  nicotine  produces  a  state  of  tranquillity 
or  relaxation  by  reducing  the  level  of  tonic  and/or  phasic  muscular 
activity  (Gilbert  1979).  Experimental  evidence  strongly  supports  the 
view  that  nicotine  depresses  certain  muscular  reflexes  (Domino 
1979;  Hutchinson  and  Emley  1973).  Ginzel  and  Eldred  (1972)  and 
Ginzel  (1987)  have  shown  that  nicotine  produces  muscle  relaxation 
in  the  cat.  Epstein  and  coworkers  (1984)  have  reported  that  smoking 
by  humans  reduces  sensitivity  to  perception  of  muscle  tension. 


410 


Schachter  (1973)  suggests  that  nicotine  reduces  emotional  experi- 
ence by  reducing  emotion-induced  phasic  increases  in  autonomic 
nervous  system  (ANS)  activity.  Because  nicotine  typically  increases 
activation  of  the  ANS,  this  increase  in  tonic  ANS  activation  should 
produce  a  ceiling  effect  such  that  the  additional  arousal  increase 
associated  with  the  onset  of  emotional  stimulation  is  less  than  the 
emotion-induced  arousal  that  occurs  without  nicotine.  This  third 
hjrpothesis  assumes  that  phasic,  rather  than  tonic,  activation  of  the 
ANS  is  an  important  contributor  to  the  subjective  experience  of 
emotion.  Consistent  with  this  p<^ibility,  nicotine  increases  tonic 
heart  rate,  but  reduces  phasic  heart  rate  responses  to  stressors 
(Schachter  1973;  Woodson  et  al.  1986). 

Hedonic  Systems  Model 

Nicotine-induced  modulation  of  one  or  more  systems  in  the  brain 
associated  with  pain  and  pleasure  may  account  for  the  capacity  of 
nicotine  to  reduce  n^ative  affect  and  increase  feeling  of  well-being 
(Eysenck  1973;  Jarvik  1973)^  Eysenck  (1973)  suggests  that  feelings  of 
well-being  produced  by  nicotine  and  other  means  can  be  increased  by 
influencing  three  hedonic  systems:  the  primary  reward,  the  primary 
aversion,  and  the  secondary  reward  systems.  Activating  the  primary 
system  is  thought  to  produce  pleasure  directly,  while  activating  the 
secondary  reward  system  produces  rewarding  effects  indirectly,  by 
inhibiting  the  aversion  system.  Eysenck  suggests  that  nicotine 
administered  during  highly  stressful  situations  may  improve  mood 
by  means  of  the  secondary  system,  while  nicotine  administered 
during  low-arousal  conditions  may  directly  stimulate  primary  re- 
ward systems.  Any  primary  rewarding  effect  of  nicotine  appears  to 
be  very  subtle;  many  smokers  and  a  smaller  percentage  of  nonsmok- 
ers  report  pleasurable  stimulant  effects  following  the  administration 
of  nicotine  (Jones,  Farrell,  Herning  1978).  However,  the  subjective 
effects  of  nicotine  appear  to  depend  greatly  upon  expectations 
(Hughes  et  al.  1985);  individuals  who  are  not  habitual  tobacco  users 
tjrpically  report  that  nicotine  administered  in  any  form  produces 
unpleasant  effects  (Nyberg  et  al.  1982).  In  addition,  the  biochemical 
representation  of  affective  states  is  not  well  understood  (McNeal  and 
Cimbolic  1986),  and  these  states  are  a  joint  function  of  physiological 
and  psychological  factors  (Reisenzein  1983;  Schachter  and  Singer 
1962).  Experimental  studies  of  stressful  situations  have  shown  that 
smoking  produces  reduction  in  subjective  ratings  of  anxiety  (Jarvik 
et  al.,  in  press;  Pomerleau,  Turk,  Fertig  1984),  but  several  studies 
have  failed  to  find  effects  of  smoking  for  subjective  anxiety  (Fleming 
and  Lombardo  1987;  Shiffman  and  Jarvik  1984)  or  emotional 
behavior  (Hatch,  Bierner,  Fisher  1983).  It  appears  that  anxiety- 
reduction  effects  are  observed  primarily  when  smoking  occurs 
before,  rather  than  during,  the  stressful  situation  (Gilbert,  in  press). 
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Therefore,  the  anxiety  reduction  may  result  from  cognitive  appraisal 
rather  than  from  direct  reduction  of  negative  affect,  but  it  should  be 
noted  that  comparable  patterns  of  findings  are  commonly  observed 
for  most  anxiolytic  medications  (Janke  1983). 

Regarding  positive  affect,  it  has  been  suggested  that  effects  of 
nicotiae  on  endogenous  opioid  systems  may  relate  to  experienced 
pleasure  (Pomerleau  and  Pomerleau  1984).  There  is  some  evidence 
that  effects  of  cigarette  smoke  on  the  upper  and  lower  respiratory 
airways  contribute  to  pleasurable  functions  of  smoking  (Rose  et  al. 
1985),  but  direct  evidence  of  an  influence  on  positive  affect  has  not 
been  demonstrated. 

Lateralized  Affective  Processors  Model 

The  capacity  of  nicotine  to  decrease  negative  affect  may  stem  from 
its  capacity  to  increase  activation  of  the  left  cerebral  hemisphere 
compared  with  the  right  hemisphere  (Gilbert  1985).  Lateralized 
effects  on  electrocortical  (Elbert  and  Birbaumer  1987;  Gilbert  1985; 
Gilbert,  in  press)  and  electrodermal  (Boyd  and  Maltzman  1984) 
activity  have  been  reported.  These  electrophysiological  studies  along 
with  behavioral  studies  (Gilbert  and  Welser,  in  press)  suggest  that 
during  stressful/high-aroused  conditions,  nicotine  reduces  right- 
hemisphere  more  than  left-hemisphere  parietal  activation,  while 
during  low-stress  situations  it  may  activate  the  right  hemisphere 
more  than  the  left.  Activation  of  the  right  hemisphere  appears  to  be 
more  related  to  the  experience  of  negative  affect  (Davidson  1984), 
while  the  left  hemisphere  is  more  the  biological  seat  of  logical 
sequential  and  verbal  information  processii^  (Tucker  and  William- 
son 1984).  Thus,  nicotine-induced  reductions  of  right-hemisphere 
activation  are  associated  with  reductions  in  negative  affect.  Consis- 
tent with  this  finding,  simultaneous  reductions  in  right-hemisphere 
EEG  activation  and  in  negative  affect  have  been  reported  while 
subjects  viewed  a  stressful  movie  (Gilbert  1985).  These  lateralized 
effects  may  occur  as  a  result  of  nicotine's  influence  on  one  or  more 
relatively  lateralized  neurotransmitter  systems  (Gilbert  and  Hagen 
1980).  The  lateralized  effect  model  suggests  a  common  biological 
basis  for  a  diverse  set  of  psychological  and  physiological  effects  of 
nicotine. 

Hypothalamic  Consummatory  Drive  Model 

Both  exposure  to  nicotine  and  the  activity  of  the  hypothalamus  are 
linked  to  hunger  and  body  weight,  as  well  as  to  affective,  cognitive, 
and  perceptual  processes.  Stimulation  of  the  ventromedial  hypothal- 
amus or  deactivation  of  the  dorsolateral  hypothalamus  produces 
effects  similar  to  those  produced  by  the  administration  of  nicotine: 
decreased  emotionality,  decreased  sensitivity  to  distracting  stimuli. 
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heightened  activity  level,  low  taste  responsivity,  and  weight  loss 
(Nisbett  1972).  Nicotine  withdrawal,  as  well  as  lesions  of  the 
ventromedial  hjrpothalamus  or  stimulation  of  the  dorsolateral 
hypothalamus  (Nisbett  1972),  leads  to  the  opposite  effects:  increased 
emotionality,  increased  distraction  by  external  stimuli,  decreased 
activity  level,  increased  taste  responsivity,  and  weight  gain  (Grun- 
berg  and  Baum  1985;  Perlick  1977).  There  are  a  number  of 
commonalities  between  nicotine  and  food  consumption  (Grunberg 
and  Baum  1985).  Food  consumption,  like  nicotine,  reduces  anxiety 
(Schachter  1971),  and  many  individuals  smoke  (Rose,  Ananda,  Jarvik 
1983)  and/or  eat  more  (Morley,  Levine,  Rowland  1983)  when 
anxious.  Nicotine  may  reduce  aspects  of  the  hunger  drive  (Grunberg 
and  Baum  1985)  and  may  be  reinforcing  for  this  reason.  The 
hypothalamic  consummatory  drive  model  suggests  that  consumma- 
tory  drive  reduction  by  nicotine  should  reduce  the  agitation  and 
irritability  associated  with  a  high  drive  state. 

Indirect  Models:  Psychological  Enhancement  and  Sensory 
Gratification 

Nicotine  may  reduce  negative  affect  indirectly  by  enhancing 
cognitive  functioning  and  associated  task  performance  (Ashton  and 
Stepney  1982;  Wesnes  and  Warburton  1978).  The  effects  of  smoking 
and  nicotine  on  performance  (reviewed  earlier  in  this  Chapter)  are 
consistent  with  this  interpretation.  Nicotine  may  improve  affect 
both  directly,  by  one  or  several  of  the  mechanisms  discussed  above, 
and  indirectly,  by  enhancing  certain  psychological  processes.  More- 
over, there  is  evidence  that  smoking  improves  visual  sensory 
processing  while  blunting  auditory  distractors  in  humans  (Friedman 
and  Meares  1980). 

Sensory  expeiiences  related  to  tobacco  consumption  may  contrib- 
ute to  the  motivation  for  its  use  and  its  affect  and  stress-related 
effects.  Some  smokers  report  smoking  because  they  like  handling 
cigarettes,  watching  smoke,  and/or  the  sensory  experience  of  smoke 
in  the  throat  and  lungs  (Russell,  Peto,  Patel  1974).  Experimental 
studies,  although  limited  in  number,  have  supported  the  view  that 
sensory  factors  are  important  contributors  to  the  satisfaction  and 
craving-reduction  associated  with  smoking  (Rose  et  al.  1985).  The 
strong  sensory  impact  associated  with  all  forms  of  common  tobacco 
use  may  also  reduce  negative  affect  by  providing  distraction  from 
negative  thoughts  and  stimulation  that  relieves  boredom  (Gilbert 
and  Welser,  in  press). 

Implications  for  Tobacco  Use 

Stress  is  a  risk  factor  for  smoking  initiation  and  increases 
cigarette  smoking  (e.g.,  puffs  per  cigarette)  among  regular  users. 
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Smoking  is  stress  reducing  for  many  smokers,  and  nicotine  appears 
to  be  involved  in  this  effect.  It  is  likely  that  the  effects  of  nicotine  oh 
stress  and  on  mood  involve  several  mechanisms  including  alleviation 
of  withdrawal  symptoms,  peripheral  muscle  relaxation,  central 
neurochemical  changes  and  electrocortical  arousal,  interaction  with 
consummatory  reward  systems,  and  indirect  effects  such  as  psycho- 
logical enhancement  and  sensory  gratification.  Future  research 
needs  to  address  and  compare  the  possible  mechanisms.  Regardless 
of  which  mechanisms  are  operating,  the  relationship  between  stress 
and  smoking  undoubtedly  reinforces  habitual  tobacco  use  and  may 
contribute  to  initiation  and  relapse. 

Tobacco  Use,  Nicotine,  and  Body  Weight 

Cigarette  smokers  weigh  less  than  comparably  aged  nonsmokers, 
and  many  smokers  who  quit  smoking  gain  weight  (Grunberg  1986a; 
Rodin  and  Wack  1984;  Wack  and  Rodin  1982).  It  has  been  suggested 
that  some  people  smoke  to  prevent  weight  gain  as  the  result  of 
smoking  cessation  (Birch  1975;  Charlton  1984b;  Grunberg  1986a). 
Therefore,  methods  to  control  weight  gain  following  cessation  have 
been  recommended  (Birch  1975;  Ducimetiere  et  al.  1978;  Grinstead 
1981;  Grunberg  and  Bowen  1985a).  How  much  weight  gain  actually 
occurs  following  smoking  cessation  (Albanes  et  al.  1987;  Bo^, 
Garvey,  Costa  1980;  Rabkin  1984;  Wack  and  Rodin  1982),  the  specific 
mechanisms  (i.e.,  changes  in  dietary  intake,  physical  activity,  and/or 
changes  in  resting  metabolic  rate)  responsible  for  this  weight  gain 
(Grunberg  1986b;  Hofstetter  et  al.  1986),  and  whether  weight  gain  (or 
fear  of  weight  gain)  affects  either  cessation  or  relapse  efforts  (Hall, 
Ginsberg,  Jones  1986;  Klesges  eind  Klesges,  in  press;  Kramer  1982) 
remain  controversial.  This  Section  reviews  data  relevant  to  the 
smoking/body  weight  relationship. 

The  Relationship  Between  Smoking  and  Body  Weight 

The  relationship  between  smoking  and  body  weight  has  been 
extensively  examined  and  reported  for  more  than  100  years  (Kitchen 
1889;  Otis  1884).  Human  studies  can  be  summarized  into  two  broad 
areas:  (1)  cross-sectional  evaluations  that  have  compiEu*ed  the  weights 
of  smokers,  nonsmokers,  and  in  some  cases,  ex-smokers;  and  (2) 
longitudinal,  within-subject  evaluations  that  have  measured  weight 
changes  in  smokers,  ex-smokers,  and  nonsmokers  over  time.  The 
cross-sectional  evaluations  reported  since  1970  are  tabulated  in 
Table  2,  and  the  longitudinal  studies  reported  since  1970  are 
simimarized  in  Table  3.  Both  tables  present  the  reference  and  year,  a 
brief  description  of  the  sample  des^,  major  findings,  observed 
moderator  variables  (e.g.,  gender,  number  of  cigarettes  per  day)  for 
weight,  and  major  limitations  of  the  study.  Only  studies  published 
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since  1970  are  summarized  in  this  Report  because  there  are  so  many 
studies  and  because  reviews  of  earlier  investigations  (Bosse,  Garvey, 
Costa  1980;  Grunberg  1986a)  indicate  that  the  results  are  completely 
consistent  with  the  studies  presented  in  Tables  2  and  3. 

Cross-Sectional  Evaluations  of  Smoking  and  Body  Weight 

Of  the  28  cross-sectional  evaluations  presented  in  Table  2,  25  (89 
percent)  reported  that  smokers  weigh  less  than  nonsmokers.  An 
additional  study  (Sutherland  et  al.  1980)  found  this  relationship  for 
women  but  not  for  men  and  another  study  (Hjermann  et  al.  1976) 
found  this  relationship  for  older  (45  to  49  years)  but  not  younger  (40 
to  44  years)  men.  Only  one  study  did  not  report  an  inverse 
relationship  between  smoking  and  body  weight,  and  that  study 
examined  visitors  to  a  "health  exhibit,"  a  population  that  may  be 
health  conscious  and  predisposed  to  making  positive  health  changes 
(Waller  and  Brooks  1972).  This  one  discrepant  study  included  a  high 
percent£^e  of  cigai:  and  pipe  smokers  (many  of  whom  do  not  inhale). 
While  it  is  difficult  to  summarize  the  cross-sectional  studies  because 
of  differences  in  reporting  techniques,  it  was  found  that  smokers 
overall  weighed  an  average  of  7.13  lb  (range:  2.36  to  14.99)  less  than 
nonsmokers. 

Because  smoking  and  alcohol  consumption  are  correlated,  one 
study  (Williamson  et  al.  1987)  examined,  through  multivariate 
methods,  the  effects  of  smoking  and  alcohol  consumption  on  body 
weight.  This  study  reported  that  alcohol  consumption  accounted  for 
approximately  44  percent  of  the  reduction  in  body  weight  in  women 
who  smoked  compared  with  women  who  did  not  smoke.  For  men, 
statistical  adjustment  for  alcohol  consumption  did  not  alter  the 
weight-lowering  effect  of  smoking. 

Cigarette  consumption,  age,  and  gender  have  been  adequately 
evaluated  to  reach  some  conclusions  regarding  their  impact  on  the 
relationship  between  smoking  and  body  weight.  The  effect  of 
cigarette  consumption  has  been  parametrically  evaluated  in  eight 
studies.  Six  (Albanes  et  al.  1987;  Hjermann  1976;  Holcomb  and  Meigs 
1972;  Jacobs  and  Gottenborg  1981;  Khosla  and  Lowe  1971;  Lincoln 
1970;  Stephens  and  Pederson  1983)  of  the  eight  investigations  (75 
percent)  reported  a  nonlinear  relationship.  In  all  of  these  reports, 
nonsmokers  had  the  greatest  body  weights;  moderate  smokers 
(typically  10  to  20  cigarettes/day)  had  the  lowest  body  weights;  and 
some  heavy  smokers  (t5rpically  >20  cigarettes/day)  had  body  weights 
approaching  that  of  nonsmokers.  Two  studies  (Bjelke  1971;  Kopczjm- 
ski  1972)  reported  no  relationship  between  level  of  smoking  and 
weight. 

The  effect  of  age  on  the  smoking/body  weight  relationship  was 
examined  in  six  investigations.  Five  of  six  studies  (86  percent) 
(Albanes  et  al.  1987;  Bjelke  1971;  E^jermann  et  al.  1976;  Jacobs  and 
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Gottenborg  1981;  Khosla  and  Lowe  1971)  documented  increasing 
weight  differences  between  smokers  and  nonsmokers  with  advancing 
age.  Typically,  aging  smokers  failed  to  gain  as  much  weight  as  aging 
nonsmokers. 

Three  evaluations  systematically  compared  males  with  females 
(Bjelke  1971;  Kopczynski  1972;  Sutherland  et  al.  1980).  Two  of  the 
three  (Bjelke  1971;  Sutherland  et  al.  1980)  reported  the  differences  in 
body  weight  between  smokers  and  nonsmokers  to  be  greater  in 
females  than  in  males. 

Longitudinal  Evaluations  of  Smoking  and  Body  Weight 

Table  3  presents  the  results  of  43  longitudinal  evaluations  of  the 
effects  of  smoking  on  body  weight.  Consistent  with  the  cross-section- 
al evaluations,  the  overwhelming  majority  (86  percent,  37  of  43) 
present  evidence  that  smokers  who  quit  smokii^  gain  weight,  that 
people  who  quit  smoking  gain  more  weight  than  nonsmokers,  and 
that  people  who  initiate  smoking  lose  weight  relative  to  nonsmokers. 
Of  the  six  studies  that  did  not  find  these  relationships,  three  limited 
their  examination  to  smoking  and  weight  changes  in  pregnant 
women  (Gormican,  Valentine,  Satter  1980;  Haworth  et  al.  1980; 
Rantakallio  and  Hartikainen-Sorri  1981),  two  relied  on  participants 
making  broad  cardiovascular  risk  factor  reduction  efforts  in  subjects 
at  high  risk  for  cardiovascular  disease  (Hickey  and  Mulcahy  1973; 
Holme  et  al.  1985),  and  the  remainii^  study  supplied  incomplete 
reports  of  the  data  (Kramer  1982).  Of  those  studies  on  the  effects  of 
smoking  cessation  on  weight,  the  length  of  foUowup  ranged  from  4 
days  to  7  years.  According  to  these  investigations,  those  who  quit 
smoking  gained  an  avers^e  of  6.16  lb  (range:  1.76  to  18.07)  during  the 
year  after  cessation. 

Daily  cigarette  consumption  was  the  only  moderator  variable  that 
received  sufficient  attention  in  this  group  of  studies  reaching  specific 
conclusions.  Seven  of  nine  studies  (78  percent)  (Blitzer,  Rimm,  Giefer 
1977;  Bosse,  Garvey,  Costa  1980;  Comstock  and  Stone  1972;  Fried- 
man and  Siegelaub  1980;  Hall,  Ginsberg,  Jones  1986;  Howell  1971; 
Rush  1974)  reported  a  positive  relationship  between  cigarette 
consumption  and  weight  change;  that  is,  as  pretest  cigarette 
consumption  increased,  postcessation  weight  gains  also  increased. 
Two  studies  (Carney  and  Goldberg  1984;  Rabkin  1984)  did  not  find  a 
relationship  between  cigarette  consumption  and  postcessation 
weight  gain.  ^ 

In  summary,  there  is  substantial  evidence  of  an  inverse  relation- 
ship between  cigarette  smoking  and  body  weight.  Of  71  studies 
reported  since  1970,  62  (87  percent)  collectively  indicate  that 
smokers  weigh  less  than  nonsmokers  and  that  people  who  quit 
smoking  gain  weight.  Older  smokers,  females,  and  those  smoking 
approximately  one  pack  of  cigarettes/day  may  experience  the 
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largest  weight  control  effects  of  cigarette  smoking.  Smokers  who 
smoke  heavily  tend  to  gain  the  most  weight  following  smoking 
cessation.  These  generalizations  are  consistent  with  reviews  based  on 
other  studies  reported  since  1880  (Grunberg  1986a).  Not  all  smokers 
who  quit  smoking  gain  weight.  Further,  for  ex-smokers  who  do  gain 
weight,  the  amount  of  weight  infrequently  poses  a  serious  health 
risk. 

The  Role  of  Nicotine 

Animal  studies  indicate  that  nicotine  administration  results  in 
weight  loss  or  decreased  we^ht  gains  and  that  cessation  of  nicotine 
results  in  body  weight  gains  greater  than  those  of  controls  (Bowen, 
Eury,  Grunberg  1986;  Grunberg  1982,  1985,  1986b;  Grunberg, 
Bowen,  Morse  1984;  Grunberg,  Bowen,  Winders  1986;  Grunberg, 
Winders,  Popp  1987;  McNair  and  Bryson  1983;  Morgan  and  lUison 
1987;  Schechter  and  Cook  1976;  Wager-Srdar  et  al.  1984;  Welhnan  et 
al.  1986).  Most  of  these  studies  report  inverse  dose-response  relation- 
ships between  nicotine  and  body  weight. 

Recent  research  on  nicotine  polacrilex  gum  with  humans  corrobo- 
rates the  role  of  nicotine  in  body  weight  effects.  Fagerstrom  (1987) 
reported  that  subjects  who  quit  smoking  were  much  less  likely  to 
gain  weight  when  they  consistently  used  nicotine  polacrilex  gum. 
Abstinent  subjects  who  regularly  used  the  gum  gained  less  than  2  lb 
at  a  6-month  foUowup.  In  contrast,  the  infrequent  gum  users  gained 
almost  7  lb  (p<0.05).  Emont  and  Cummings  (1987)  reported  a 
significant  negative  relationship  (r=-0.37)  between  the  number  of 
pieces  of  nicdtine  polacrilex  gum  chewed  per  day  and  weight  gain  for 
heavy  smokers  (>26  cigarettes/day).  No  such  relationship  between 
gum  use  and  weight  gain  was  observed  for  lighter  smokers  (<26 
cigarettes/day). 

Mechanisms  Underlying  The  Relationship  Between 
Smoking  and  Body  Weight 

The  inverse  relationship  between  smoking  and  body  weight  may 
result  from  changes  in  energy  intake,  changes  in  energy  expendi- 
ture, or  both.  Energy  intake  involves  dietary  intake.  Energy 
expenditure  is  affected  by  behavioral  factors  (physical  activity)  and 
biological  factors  (e.g.,  metabolism).  These  potential  mechanisms  are 
examined  below. 

Dietary  Intake 

Seversd  prospective  investigations  have  evaluated  dietary  intake 
changes  following  smoking  cessation  in  humans.  Hatsukami  and 
coworkers  (1984)  hospitalized  27  smokers  for  a  7-day  period.  After  a 
3-day  baseline,  20  of  the  subjects  were  deprived  of  smoking  for  4  days 
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while  the  remaining  7  served  as  a  control  group.  During  this  4-day 
period  of  abstinence,  caloric  intake  increased  significantly  (from 
1,397  to  1,651  kcal),  which  corresponded  with  a  significant  1.76-lb 
increase  in  weight.  In  the  most  comprehensive  study  to  date, 
Stamford  and  coworkers  (1986)  evaluated  changes  in  dietary  intake, 
physical  activity,  and  resting  nietabolic  rate  in  13  sedentary  females 
who  quit  smoking  for  a  48-day  period.  Following  smoking  cessation, 
mean  daily  caloric  consumption  increased  by  227  kcal,  which 
accounted  for  69  percent  of  the  variance  in  postcessation  weight  gain 
(4.85  lb).  Robinson  and  York  (1986)  followed  11  smokers  who  quit  for 
7  days.  Mean  dietary  intake  significantly  increased,  but  changes  in 
resting  metabolic  rate  were  not  observed.  Dallosso  and  James  (1984) 
followed  10  subjects  for  6  weeks  after  they  participated  in  a  stop- 
smoking  clinic.  There  was  a  4-percent  drop  in  resting  metabolic  rate 
in  smokers  who  quit,  a  drop  which  was  reliable  when  the  data  were 
expressed  per  kilogram  of  body  weight.  The  average  dietary  intake 
increased  by  6.5  percent,  but  this  difference  did  not  reach  stat^tical 
significance. 

Preliminary  results  of  a  recent  investigation  indicate  gender 
differences  in  the  effects  of  short-term  smoking  cessation  on  body 
weight  and  food  intake  (Klesges,  Meyers  et  al.  1987).  Female  smokers 
who  quit  for  1  week  increased  their  body  weight  and  dietary  intake 
significantly  more  than  male  smokers  who  quit.  This  sex  difference 
is  consistent  with  animal  studies  (Grunberg,  Bowen,  Winders  1986; 
Grunberg,  Winders,  Popp  1987).  Given  females'  marked  concerns 
regarding  postcessation  weight  gain  (Klesges  and  Klesges,  in  press), 
future  studies  will  need  to  investigate  possible  gender  differences  in 
response  to  smoking  cessation. 

Several  studies  indicate  that  smokers  may  differ  from  nonsmokers 
in  their  intake  of  sweet-tasting  simple  carbohydrates  (sugar)  in 
particular.  In  a  human  laboratory  study,  Grunberg  (1982)  observed 
that  smokers  who  were  allowed  to  smoke  ate  less  sweet  food  than 
smokers  who  were  not  allowed  to  smoke  or  nonsmokers.  Smokers  not 
allowed  to  smoke  also  reported  the  greatest  preference  for  sweet 
foods.  There  were  no  differences  among  the  three  subject  groups  in 
consumption  of  other  types  of  foods.  Rodin  (1987)  conducted  a 
prospective  study  in  which  food  intake  after  smoking  cessation  was 
carefully  evaluated.  Smokers  who  gained  weight  after  quitting 
smoking  increased  their  sugar  consumption  in  particular.  Further, 
smokers  increase  consumption  of  sweet  snack  foods  when  they  are 
deprived  of  cigarette  smoking  (Duffy  and  Hall,  in  press;  Perlick 
1977).  On  the  other  hand,  two  early  investigations  (Bennett,  Doll, 
Howell  1970;  Richardson  1972)  found  higher  sugar  consumption  in 
smokers  relative  to  nonsmokers.  However,  Richardson  (1972)  found 
that  this  difference  was  because  of  low-sugar  intake  in  ex-smokers, 
while  Bennett,  DoU,  and  Howell  (1970)  ai^ed  that  the  differences 
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were  largely  due  to  increased  added  sugar  intake  because  of  hot 
beverage  consumption.  These  two  studies,  which  are  inconsistent 
with  the  more  recent  studies,  did  not  carefully  measure  all  food 
intake  and  did  not  assess  intentional  changes  in  food  intake  to 
control  body  weight. 

Several  animal  experiments  have  documented  that  food  intake 
decreases  during  nicotine  administration  and  increases  after  admin- 
istration has  ceased  and  that  these  changes  in  food  intake  corre- 
spond with  changes  in  body  weight  (Bowen,  Eury,  Grunbei^  1986; 
Grunberg  1982;  Grunberg,  Bowen,  Winders  1986;  Levin  et  al.  1987; 
McNair  and  Bryson  1983;  Wager-Srdar  et  al.  1984).  Consumption  of 
sweet  foods  by  male  rats  is  particulary  affected  by  nicotine  (Grun- 
berg 1982;  Grunberg  et  al.  1985).  However,  nicotine  also  reduces 
bland  food  intake  in  female  rats  and  has  a  greater  effect  on  body 
weight  of  female  rats  than  of  male  rats  (Grunberg,  Winders,  Popp 
1987;  Grunberg,  Bowen,  Wmders  1986;  Levin  et  al.  1987). 

Several  investigations  have  reported  that  changes  in  body  weight 
in  animals  also  occur  without  observing  decreases  in  food  intake  as 
the  result  of  nicotine  administration  (Grunberg,  Bowen,  Morse  1984; 
Schechter  and  Cook  1976;  Wellman  et  al.  1986).  In  one  investigation, 
chronic  exposure  to  cigarette  smoke  reduced  body  weight  and  food 
intake  in  rats;  however,  hamsters  exposed  to  cigarette  smoke 
decreased  body  weight  without  reducing  food  intake  (Wager-Srdar  et 
al.  1984).  Several  methodological  factors  complicate  these  results, 
including  the  use  of  different  strains  of  animals,  different  routes  of 
administration  and  dosages  of  nicotine,  and  whether  acute  versus 
chronic  effects  of  nicotine  were  reported.  However,  these  results 
indicate  that  more  than  the  mechanism  of  food  intake  was  involved 
in  producing  nicotine-  and  smoking-related  weight  changes. 

Data  from  short-term  human  studies  and  several  animal  experi- 
ments indicate  that  dietary  intake  is  involved  with  smoking-related 
energy  imbalance.  Based  on  self-reported  cross-sectional  surveyB,  it 
has  been  reported  that  smokers'  dietary  intake  is  the  same  as 
(Albanes  et  al.  1987;  Fehily,  Phillips,  Yarnell  1984;  Fisher  and 
Gordon  1985;  Matsuya  1982)  or  significantly  higher  than  (Picone  et 
al.  1982;  Stamford  et  al.  1984a,b)  that  of  nonsmokers  while  the 
smokers  simultaneously  maintained  a  lower  body  weight.  Assuming 
that  smokers  are  not  consistently  biased  in  their  reports  of  dietary 
intake,  it  appears  that  either  differences  in  physical  activity  or 
metabolic  rate  are  maintaining  the  body  weight  differences  between 
smokers  and  nonsmokers. 

Physical  Activity 

The  data  available  from  cross-sectional  investigations,  short-term 
prospective  studies,  and  animal  investigations  seem  to  indicate  that 
changes  in  physical  activity  do  not  play  a  role  in  either  differences  in 
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body  weight  between  smokers  and  nonsmokers  or  the  weight  gain 
associated  with  smoking  cessation.  Some  cross-sectional  investiga- 
tions have  found  that  smokers  have  lower  levels  of  physical  activity 
compared  with  nonsmokers  (Kannas  1981).  Others  have  not  found 
differences  in  physical  activity  and  physical  fitness  between  smokers 
and  nonsmokers  (Gyntelbeig  and  Meyer  1974;  Stamford  et  al.  1984b; 
Stephens  and  Pederson  1983).  A  recent  review  (Blair,  Jacobs,  Powell 

1985)  that  addressed  the  relationships  among  exercise,  physical 
activity,  and  smoking  concluded  that  smoking  and  physical  activity 
are  negatively  associated;  however,  the  relationship  was  extremely 
weak  and  variable. 

Animal  studies  on  the  relationship  between  nicotine  and  physical 
activity  have  generally  found  that  physical  activity  plays  a  small 
role  or  fails  to  correspond  to  decreases  in  weight  during  nicotine 
administration  (Bowen,  Eury,  Grunberg  1986;  Cronan,  Conrad, 
Bryson  1985;  Grunberg  and  Bowen  1985b).  One  study  found  that 
decreases  in  physical  activity  after  cessation  of  nicotine  appeared  to 
contribute  to  postdrug  body  weight  increases  (Grunberg  and  Bowen 
1985b),  but  this  effect  was  quite  small  and  occurred  only  in  males. 

A  few  prospective  human  investigations  have  evaluated  physical 
activity  changes  following  smoking  cessation  (Hatsukami  et  al.  1984; 
Hofstetter  et  al.  1986;  Klesges,  Brown  et  al.  1987;  Rodin  1987; 
Stamford  et  al.  1986).  These  investigations  found  no  changes  in 
physical  activity  as  a  result  of  smoking  cessation. 

Metabolic  Rate 

Metabolic  rate  is  an  important  consideration  in  energy  imbalances 
associated  with  smoking  cessation  because  approximately  75  percent 
of  total  energy  expenditure  is  in  the  form  of  metabolism  (Bernstein 
et  al.  1983;  Ravussin  et  al.  1982).  Metabolism  increases  as  the  result 
of  acute  nicotine  administration  and  immediate  effects  of  smoking 
(Ghanem  1973;  Ilebekk,  Miller,  Mjos  1975;  Robinson  and  York  1986; 
Schievelbein  et  al.  1978;  Wennmalm  1982).  The  major  question, 
however,  is  whether  these  effects  persist  long  enough  to  have  a  direct 
impact  on  body  weight.  Given  that  (1)  smokers  do  not  have  higher 
levels  of  physical  activity  compared  with  nonsmokers  (Blair,  Jacobs, 
Powell  1985),  (2)  some  studies  report  smokers'  dietary  intgikes  are  the 
same  as  or  higher  than  those  of  nonsmokers  (Picone  et  al.  1982; 
Stamford  et  al.  1984a,b),  and  (3)  smokers  maintain  lower  body 
weights  than  nonsmokers,  it  is  reasonable  to  postulate  that  changes 
in  metabolism  contribute  to  the  relationship  between  smoking  and 
body  weight.  Additionally,  there  are  several  reports  in  the  literature 
on  animals  that  have  documented  nicotine-induced  reductions  in 
body  weight  without  a  concomitant  reduction  in  food  intake  (Grun- 
berg, Bowen,  Morse  1984;  Schechter  and  Cook  1976;  Wellman  et  al. 

1986)  . 
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Direct  evidence  supporting  a  chronic  metabolic  mechanism  that 
modulates  the  smoking/body  weight  relationship  is  beginning  to 
emerge.  Metabolic  rate  was  chronically  measured  in  a  study  of  rat 
and  hamster  exposure  to  cigarette  smoke  (Wager-Srdar  et  al.  1984). 
Higher  resting  metabolic  rates  were  observed  on  only  one  of  the  test 
days  compared  with  the  pretest  in  the  rat  investigation,  while  no 
significant  differences  were  observed  in  the  hamster  study.  Another 
recent  investigation  (Welhnan  et  al.  1986)  evaluated  brown  adipose 
tissue  (BAT)  thermogenesis  at  different  levels  of  nicotine  and 
caffeine  injections.  No  differences  in  BAT  thermogenesis  were 
observed  in  response  to  either  nicotine  or  caffeine.  The  group  that 
received  a  combination  of  caffeine  and  nicotine  showed  a  63  percent 
increase  in  BAT  thermogenesis. 

The  few  studies  that  have  evaluated  metabolic  rate  changes  in 
response  to  smoking  cessation  in  humans  have  produced  inconclu- 
sive results.  Three  investigations  found  metabolic  changes  after 
cessation  in  human  smokers.  An  early  report  (Glauser  et  al.  1970) 
found  decreases  in  oxygen  consumption  for  seven  male  subjects  who 
quit  smoking  for  1  month  (neither  food  intake  nor  physical  activity 
was  monitored).  A  more  recent  investigation  found  a  4-percent  drop 
in  metabolic  rate  (reliable  when  data  were  expressed  per  kilogram  of 
body  weight)  and  no  significant  increase  in  dietary  mtake  for  10 
subjects  who  quit  smoking  for  6  weeks  (Dallosso  and  James  1984).  In 
the  only  study  that  used  a  respiration  chamber,  Hofstetter  and 
others  (1986)  reported  that  total  energy  expenditure  was  10  percent 
higher  during  a  24-hr  period  of  smoking  versus  a  24-hr  period  of 
abstinence  in  eight  smokers.  No  changes  were  observed  in  physical 
activity  or  mean  basal  (sleeping)  metabolic  rate  (dietary  intake  was 
held  constant).  However,  this  difference  in  energy  expenditure 
disappeared  after  24  hr. 

Three  investigations  did  not  find  a  change  in  metabolic  rate  as  the 
result  of  smoking  cessation.  Burse  and  associates  (1982, 1975)  did  not 
observe  changes  in  resting  metabolism  in  a  sample  of  four  smokers 
who  quit  for  3  weeks.  This  investigation  did  find  reliable  increases  in 
desire  for  food,  however.  In  another  study,  11  smokers  wfere  studied 
after  a  7-day  period  of  smoking  abstinence  (Robinson  and  York  1986). 
Total  energy  expenditure  following  a  meal  did  not  change  during  the 
cessation  period.  Stamford  and  colleagues  (1986)  failed  to  find 
changes  in  oxygen  consumption  in  13  subjects  who  quit  smoking  for 
48  days.  This  investigation  did  find  marked  dietary  mtake  changes 
that  accounted  for  69  percent  of  the  variance  of  postcessation  weight 

gain.  . 

There  are  several  possible  explanations  for  the  mconsistency 
observed  in  the  literature  on  metabolic  rate.  Different  investigators 
have  used  different  criteria  (e.g.,  resting  oxygen  consumption,  BAT 
thermogenesis)  for  operationalizing  metabolism.  It  is  possible  that 
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previous  dieting  history  (Brownell  et  al.  1986)  and  the  use  of  nicotine 
polacrilex  gum  (Fagerstrom  1987)  may  directly  impact  the  metabolic 
response  to  smoking  cessation.  It  is  not  clear  what  the  metabolic 
response  to  nicotine  with  added  agents  is  likely  to  be.  For  example, 
one  study  found  that  while  neither  nicotine  nor  caffeine  alone 
produced  a  change  in  BAT  thermogenesis,  the  two  combined 
increased  thermogenesis  by  63  percent  (Wellman  et  al.  1986).  This 
finding  is  particularly  interesting  given  that  smokers  may  be  more 
likely  to  drink  caffeinated  beverages  than  nonsmokers  (Blair  et  al. 
1980).  Finally,  the  available  literature  on  human  studies  used  very 
small  subject  groups,  making  it  impossible  to  detect  subtle  but 
potentially  meaningful  changes  in  resting  metabolic  rate.  The  small 
sample  sizes  do  not  allow  for  an  evaluation  of  variables  that  may 
potentially  moderate  the  metabolic  response  to  smoking  cessation. 

Summary  of  Mechanisms  Literature 

Changes  in  dietary  intake  appear  to  be  involved  in  weight  gains 
after  cessation  of  smoking  or  cessation  of  nicotine  administration. 
Physical  activity  plays  little  or  no  role  in  the  relationship  between 
smoking  and  body  weight.  The  data  on  metabolic  contributions  to 
postcessation  weight  gain  are  su^estive,  but  further  research  is 
needed.  Unfortunately,  much  of  the  relevant  human  research 
literature  is  characterized  by  small  sample  sizes,  short  foUowup 
evaluations,  and  inadequate  evaluations  of  energy  balance  following 
smoking  cessation.  To  date,  only  one  investigation  has  comprehen- 
sively evaluated  (i.e.,  simultaneous  assessment  of  dietary  intake, 
physical  activity,  and  metabolic  rate)  energy  balance  changes  as  the 
result  of  smoking  cessation.  This  was  a  sample  of  13  sedentary 
females  followed  for  48  days  (Stamford  et  al.  1986).  Comprehensive, 
prospective  evaluations  of  energy  balance  changes  in  response  to 
smoking  cessation  are  needed.  Additionally,  no  study  has  evaluated 
possible  long-term  changes  in  dietary  intake,  physical  activity,  and 
metabolic  rate  as  a  result  of  smoking  cessation.  The  longest  foUowup 
period  reported  in  the  literature  to  date  is  2  months  (Dallosso  and 
James  1984).  Finally,  evaluation  of  potential  moderator  variables  of 
dietary  intake,  physical  activity,  and  metabolic  rate  as  the  result  of 
cessation  is  needed.  Gender  (Grunberg,  Winders,  Popp  1987;  Klesges, 
Meyers  et  al.  1987),  previous  dieting  history  (Brownell  et  al.  1986; 
Hall,  Ginsberg,  Jones  1986),  pretest  levels  of  lipoprotein  lipase 
(Carney  and  Goldbei^  1984),  and  the  use  of  nicotine  polacrilex  gum 
(Fagerstrom  1987)  appear  to  be  important  variables  influencing 
weight  gain  and  need  further  investigation. 
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Does  the  Relationship  Between  Smoking  and  Weight 
Promote  Esther  the  biitiation  or  Maintenance  of  Smoking 
Behavior? 

Some  research  attention  has  been  given  to  body  weight  as  a 
potential  moderator  of  smoking  initiation,  maintenance,  and  cessa- 
tion. Unfortunately,  many  investigations  do  not  report  weight- 
related  issues  (Borkon,  Baird,  Siff  1983;  Eiser  et  al.  1985;  Pederson 
and  Lefcoe  1976;  Perri,  Richards,  Schultheis  1977).  The  investiga- 
tions that  have  evaluated  these  issues  consistently  report  relation^ 
ships  between  body  weight  and  smoking  initiation  (Charlton  1984a) 
and  maintenance  (Klesges  and  Klesges,  in  press). 

A  survey  of  16,000  school  children  (Charlton  1984a)  in  England 
found  that  the  heaviest  regular  smokers  were  the  most  likely  to 
agree  that  smoking  controls  weight  (42.2  percent)  compared  with 
those  students  who  never  smoked  (16.6  percent).  Agreement  in- 
creased with  increased  levels  of  smoking.  More  girk  than  boys 
agreed  with  this  statement,  and  girls  were  also  more  likely  to  be 
regular  smokers.  Charlton  (1984b)  also  reported  that  among  the 
perceived  effects  of  smoking,  smokers  viewed  "calming  the  nerves" 
as  the  most  popular  reason  (72  percent)  followed  by  "smoking  keeps 
your  weight  down"  (39  percent). 

Other  invest^ations  are  consistent  with  the  Charlton  (1984a,b) 
report.  In  a  recent  study  of  1,000  adolescents  in  Canada  (Feldman, 
Hodgson,  Corber  1985),  significantly  more  girls  than  boys  were 
concerned  about  becoming  overweight  (36  vs.  14  percent,  p<  0.001). 
In  girls  18  years  or  older,  52.6  percent  of  smokers  reported  worrying 
about  their  weight,  whereas  only  31  percent  of  nonsmokers  reported 
we^ht-related  concerns  (p<0.05).  In  a  study  of  smoking  intentions 
among  400  U.S.  high  school  males.  Tucker  (1983)  reported  that 
overweight  boys  scored  much  higher  on  smoking  intent  than  either 
normal  weight  or  underweight  boys  (p<  0.005).  Another  survey 
evaluated  gender  differences  in  a  sample  of  221  college  cigarette- 
smoking  intenders  and  nonintenders  (Page  1983).  Results  indicated 
that  females  were  much  more  likely  to  intend  to  smoke  than  males. 
Females  were  also  more  likely  to  believe  that  smoking  maintains 
body  weight,  and  smoking  intenders  were  also  more  likely  to  believe 
that  smoking  controls  weight.  Finally,  in  a  retrospective  survey  of 
more  than  1,000  young  adults  (Klesges  and  Klesges,  in  press), 
overweight  females  reported  that  they  were  much  more  likely  (20 
percent)  to  start  smoking  for  weight-related  reasons  compared  with 
normal-weight  females  (2  percent).  No  differences  between  over- 
weight versus  normal-weight  males  (8  vs.  6  percent)  were  observed. 

Several  surveys  on  smoking  maintenance  have  shown  that  individ- 
uals report  that  weight  control  is  a  powerful  motivator  to  continue  to 
smoke.  Physicians  who  smoked  were  much  more  likely  than  those 
who  had  quit  (46  vs.  22  percent)  to  believe  that  smoking  cessation 
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increases  appetite  and  weight  (Fletcher  and  Doll  1969).  Nurses  who 
failed  to  quit  smoking  listed  (in  order)  loss  of  determination,  stress, 
and  weight  gain  as  the  major  reasons  for  failure  (Knobf  and  Morra 
1983).  Beliefs  regarding  the  weight-control  effects  of  smoking  and 
quitting  differentiate  smokers  and  nonsmokers  (Hill  and  Gray  1984; 
Loken  1982;  Shor  et  al.  1981).  Females  are  particularly  worried 
about  postcessation  weight  gains  (Klesges  and  Klesges,  in  press; 
Sorensen  and  Pechaeek  1987).  They  are  more  likely  to  endorse 
smoking  as  an  active  weight-loss  strategy  (39  vs.  25  percent)  and  are 
more  likely  to  report  relapse  for  weight-related  reasons  (20  vs.  7 
percent)  (Klesges  and  Klesges,  in  press). 

The  research  cited  above  is  based  on  self-reports  of  the  weight- 
control  effects  of  smoking  and,  as  such,  could  be  viewed  as  an  excuse 
for  smoking.  Two  recent  worksite-based  investigations  evaluated 
whether  pretest  concerns  regarding  smoking  and  weight-related 
issues  prospectively  predicted  cessation.  Maheu  (1985)  evaluated  49 
subjects  who  either  received  a  competition-based  (n=32)  or  a  no- 
competition  condition  (n=17).  In  the  competition-based  condition, 
participants  were  told  that  they  would  be  rewarded  if  those  at  their 
worksite  lost  more  weight  than  those  at  a  neighboring  worksite.  At  a 
3-month  followup,  78  percent  of  the  subjects  in  the  competition  and 
76  percent  of  the  subjects  in  the  no-competition  condition  were 
reportedly  abstinent.  Regression  analysis  at  followup  indicated  that 
the  best  pretest  predictors  of  smoking  cessation  (in  order)  were 
negative  responses  to  the  questions:  (1)  "Do  you  think  smoking  helps 
control  your  weight?";  (2)  "Did  one  of  your  parents  smoke  when  you 
were  young?";  and  (3)  "If  you  have  tried  to  quit  before,  did  you  suffer 
any  withdrawal  symptoms?"  Klesges,  Brown,  and  associates  (1987) 
found  that  the  best  predictors  of  cessation  at  posttest  were  pretest 
cotinine  levels  and  anticipated  weight  gain  as  the  result  of  smoking 
cessation.  The  best  predictors  of  cessation  at  followup  were  the 
number  of  coworkers  who  smoked  followed  by  anticipated  cessation- 
related  weight  gain. 

A  recent  community  survey  evaluated  predictors  of  current  and 
former  smoking  status  in  a  sample  of  611  nonsmokers,  ex-smokers, 
smokers  who  had  tried  to  quit  smoking,  and  smokers  who  had  not 
attempted  cessation  (Klesges,  Somes  et  al.  1987).  The  best  predictors 
of  smokers  who  had  never  attempted  cessation  versus  those  with  a 
history  of  cessation  efforts  were  a  greater  concern  related  to  weight 
control,  followed  by  knowledge  of  the  health  consequences  of 
smoking.  Smokers  who  had  not  attempted  cessation  were  significant- 
ly more  likely  to  cite  weight-control  issues  compared  with  smokers 
who  had  made  active  attempts  at  smoking  cessation.  Collectively, 
these  investigations  indicate  that  weight-related  concerns  may  not 
only  predict  successful  smoking  cessation,  but  also  attempted 
smoking  cessation. 
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Weight  gain  following  smoking  cessation  as  a  predictor  of  smoking 
relapse  has  been  evaluated  in  two  recent  investigations.  Hall, 
Ginsberg,,  stnd  Jones  (1986)  found  a  relationship  between  smoking 
status  at  a  1-year  followup  and  weight  gain  at  6  months;  greater 
weight  gain  during  the  first  6  months  predicted  continued  absti- 
nence. This  finding  was  contrary  to  expectations.  In  another 
investigation,  Gritz,  Carr,  and  Marcus  (in  press)  found  that  continu- 
ous abstainers  had  gained  an  average  of  6.1  lb,  relapsers  had  gained 
2.7  lb  and  subsequently  lost  half  the  gain  (1.3  lb),  and  never  quitters 
had  gained  only  0.3  lb.  While  it  was  expected  that  postcessation 
weight  gain  would  be  predictive  of  relapse,  one  would  expect  that 
those  who  have  been  abstinent  from  cigarettes  would  have  gained 
more  weight  than  those  who  either  failed  to  quit  or  those  who 
relapsed,  because  these  latter  groups  have  regained  the  weight 
reducing  effects  of  smoking.  Additional  research  will  need  to 
evaluate  the  impact  of  weight  gain  on  relapsers  at  the  point  of 
relapse  compared  with  the  impact  on  abstainers  at  a  comparable 
point  in  time.  Further,  it  is  clear  that  actual  weight  may  have  little 
relationship  with  subjects'  perceptions  of  their  weight  status.  For 
example,  overweight  males  consistently  view  themselves  as  normal 
weight,  while  underweight  and  normal-weight  females  consistently 
view  themselves  as  overweight  (Klesges  1983).  Very  small  weight 
gains  in  some  subjects  (e.g.,  normal-weight  females)  may  be  much 
more  predictive  of  relapse  than  very  large  weight  fluctuations  in 
others  (e.g.,  overweight  males)  (Klesges  1983).  Future  research 
should  evaluate  potential  variables  (e.g.,  gender,  obesity)  that  may 
moderate  the  relationship  between  weight  g£dn  and  smoking  relapse. 

In  summary,  weight-related  issues  may  be  important  in  the 
maintenance  and  cessation  of  smoking.  Weight-reducing  effects  of 
smoking  may  encourage  smoking  initiation  by  some  people,  but  the 
data  on  this  point  are  currently  unconvincing.  Future  research 
should  focus  on  who  (e.g.,  males  versus  females,  those  with  a  history 
of  chronic  dieting)  is  most  at  risk  to  smoke  because  of  weight-related 
concerns.  In  particular,  prospective  studies  on  weight-related  issues 
as  they  predict  smoking  initiation,  cessation,  and  relapse  are  needed. 

Implicatioiis  for  Tobacco  Use 

Cigarette  smokers  weigh  less  than  comparably  aged  nonsmokers, 
and  many  smokers  who  quit  smoking  gain  weight.  This  inverse 
relationship  between  smoking  and  body  weight  is  well  established, 
and  the  role  of  food  intake  and  energy  expenditure  as  mechanisms 
for  this  relationship  is  currently  receiving  research  attention.  The 
postsmoking  weight  gains  are  frequently  undesired  by  the  ex-smok- 
er. People  are  quite  aware  of  the  relationship  between  smokii^  and 
body  weight,  and  this  relationship  may  encourage  some  people  to 
initiate  smoking  and  to  keep  smoking.  However,  other  people  may 
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modify  food  intake  and  avoid  weight  gains  after  cessation  of 
smoking. 

Summary  and  Conclusions 

1.  After  smoking  cigarettes  or  receiving  nicotine,  smokers  per- 
form better  on  some  cognitive  tasks  (including  sustained 
attention  and  selective  attention)  than  they  do  when  deprived 
of  cigarettes  or  nicotine.  However,  smoking  and  nicotine  do  not 
improve  general  learning. 

2.  Stress  increases  cigarette  consumption  among  smokers.  Fur- 
ther, stress  has  been  identified  as  a  risk  factor  for  initiation  of 
smoking  in  adolescence. 

3.  In  general,  cigarette  smokers  weigh  less  (approximately  7  lb 
less  on  average)  than  nonsmokers.  Many  smokers  who  quit 
smoking  gain  weight. 

4.  Food  intake  and  probably  metabolic  factors  are  involved  in  the 
inverse  relationship  between  smoking  and  body  weight.  There 
is  evidence  that  nicotine  plays  an  important  role  in  the 
relationship  between  smoking  and  body  weight. 
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Introduction 


The  previous  chapters  have  established  that  nicotine  is  a  drug  of 
dependence.  Chapter  II  provided  a  detailed  description  of  the 
pharmacokinetics  and  pharmacodynamics  of  nicotine  from  various 
forms  of  tobacco.  Chapter  III  addressed  sites  and  mechanisms  of 
nicotine  action.  Chapter  IV  docimiented  addictive  properties  of 
tobacco  including  those  related  to  its  use  as  a  vehicle  for  nicotine 
delivery  and  physiological  dependence  produced  by  nicotine  adminis- 
tration. Chapter  V  demonstrated  the  commonalities  between  tobacco 
use  and  use  of  other  drugs  such  as  heroin  and  cocaine.  Chapter  VI 
discussed  effects  of  nicotine  that  may  promote  to  tobacco  use. 

Unfortunately,  much  of  this  work  has  seen  limited  clinical 
application  in  the  treatment  of  the  tobacco  user.  Most  current 
treatment  approaches  are  primarily  psychological.  Relatively  few 
studies  have  addressed  pharmacologic  determinants  of  tobacco  use 
(Pomerleau  et  al.).  An  increased  understanding  of  the  addictive 
properties  of  nicotine  should  lead  to  improved  treatment  approaches. 
Interventions  for  tobacco  users  who  seek  assistance  should  consider 
the  addictive  properties  of  tobacco  and  the  ways  that  these  can  be 
overcome.  They  should  also  be  sensitive  to  other  effects  of  nicotine 
that  may  promote  tobacco  use.  The  failure  to  address  these  types  of 
issues  may  be  an  important  cause  of  the  less  than  optimal  results 
attained  by  existing  treatment  approaches. 

It  is  evident  that  smoking  is  maintained  by  both  pharmacologic 
and  psychological  determinants.  The  relative  contributions  of  these 
factors  are  virtually  impossible  to  separate  and  are  likely  to  vary 
dramatically  not  only  among  individual  smokers,  but  perhaps  also 
within  individuals  at  different  times  and  stages  of  their  smoking 
histories.  Pharmacologic  and  psychological  factors  become  closely 
linked  in  a  conditioning  process  in  which  smoking  is  associated  with 
multiple  cues.  A  typical  smoker  who  has  averaged  20  cigarettes/day 
over  a  15-year  period  is  likely  to  have  taken  more  than  1  million 
puffs  during  the  course  of  his  or  her  smoking  history.  The  highly 
dependent  smoker  who  presents  for  treatment  tends  to  have  an  even 
loiter  and  more  extensive  history  of  nicotine  self-administration 
than  does  the  average  smoker.  The  sheer  magnitude  of  this 
overleaming  appears  unmatched  in  any  other  form  of  drug  abuse. 

Cues  associated  with  smoking  (an  ashtray,  the  sight  of  another 
person  smoking)  can  elicit  strong  cravings  not  only  in  current  and 
newly  abstinent  smokers,  but  also  in  individuals  who  have  achieved 
longer  term  abstinence  (Abrams  1986).  Some  cu^  may  extinguish 
relatively  quickly  upon  cessation.  Others  may  be  more  problematic, 
especially  in  long-term  dependent  smokers  (Abrams  et  al.,  in  press). 
Smokers  who  report  smoking  more  when  they  are  angry,  frustrated, 
or  unhappy  may  be  especially  vulnerable  to  a  crisis  even  when  the 
crisis  occurs  after  an  extended  period  of  abstinende  (Pomerleau, 
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Adkins,  Pertschuk  1978).  Cues  associated  with  smoking  that  are 
encountered  only  infrequently  might  continue  to  elicit  conditioned 
cravings  over  a  longer  time  period  (Abrams  et  al.,  in  press). 

Individual  differences  should  also  be  considered.  Conditioning 
histories  vary  among  smokers,  although  there  are  also  likely  to  be 
important  commonalities.  Some  smokers  have  relied  more  heavily 
upon  nicotine  in  regulating  mood,  especially  negative  affect  (Chapter 
VI).  Others  have  used  cigarettes  as  a  means  of  sustaining  attention 
to  monotonous  tasks.  Still  others  have  used  cigarette  more  frequent- 
ly as  an  aid  to  relaxation  (Ikard,  Green,  Horn  1969;  Chapter  VI).  Few 
experimental  studies  have  related  individual  differences  to  reasons 
for  smoking  (Ikard  and  Tompkins  1973;  Leventhal  and  Avis  1976). 

Physiological  reactions  (e.g.,  elevated  heart  rate)  to  smoking  cues 
have  been  documented  to  persist  for  extended  intervals  (Abrams  et 
al.,  in  press).  The  interaction  of  physiological,  social,  conditioning, 
and  cognitive  factors  may  be  critical.  The  combination  of  tobacco 
pharmacology  and  users'  conditioning  histories  can  help  to  explain 
cravings  even  after  long  periods  of  abstinence.  Expectations  concern- 
ing the  consequences  of  tobacco  use  also  appear  to  be  extremely 
important.  Thus,  among  individuals  who  are  currently  abstinent,  the 
anticipation  of  highly  reinforcing  ph}rsiol(^cal  reactions  to  tobacco 
use  is  predictive  of  relapse  (Marlatt  and  Gordon  1985). 

It  is  ironic  in  light  of  the  broad-spectrum  treatment  of  other  drug 
dependencies  that  tobacco  prevention  and  cessation  treatments  have 
been  focused  so  narrowly.  Even  where  pharmacologic  strategies  have 
been  employed  (e.g.,  nicotine  replacement  therapy;  Fagerstrom 
1982b;  Schneider  et  al.  1983),  these  often  have  not  been  integrated 
systematically  with  behavioral  treatments.  Chapter  V  details  some 
of  the  physiological  and  psychosocial  interventions  for  various  drug 
dependencies  including  those  on  alcohol,  opiates,  cocaine,  and  other 
illicit  substances.  This  body  of  literature  may  have  important  and 
largely  overlooked  implications  for  the  clinical  treatment  of  tobacco 
dependence. 

According  to  the  1985  National  Health  Interview  Survey  (NHIS), 
there  are  approximately  41  million  former  smokers  in  the  United 
States.  Approximately  90  percent  of  former  smokers  report  that  they 
quit  smoking  without  formal  treatment  programs  or  smoking 
cessation  devices  (Fiore  et  al.,  in  press).  Achieving  abstinence  from 
tobacco  and  other  substances  outside  the  context  of  formal  treatment 
programs  (spontaneous  remission)  is  discussed  in  Chapter  V.  Not 
only  smokers  but  other  drug  takers  often  discontinue  use  of  the 
dependence-producing  substance  outside  the  context  of  formal 
intervention.  Several  common  factors  may  be  operating  to  influence 
smokers  to  quit  (e.g.,  response  to  social  pressures,  observed  and 
anticipated  health  consequences).  Unfortunately,  millions  of  new 
individuals  have  been  recruited  to  smoking. 
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Despite  the  well-known  health  hazards  of  smoking  and  the 
documented  difficulties  in  quitting,  few  intensive  treatment  options 
are  available  to  the  highly  dependent  smoker  (Sachs  1986).  Cigarette 
dependence  or  addiction  can  be  as  intractable  as  any  addictive 
disorder  (Russell  1976).  Studies  have  found  considerable  similarity  in 
relapse  process  between  tobacco  and  other  drugs  of  dependence 
(Hall  and  Havassy  1986;  Marlatt  and  Gordon  1980;  see  also  Chapter 
V). 

As  shown  in  Chapter  IV,  cigarette  smoking  is  not  a  random  or 
capricious  behavior;  rather  it  is  orderly  and  controlled.  The  role  of 
nicotine  in  cigarette  smoking  is  functionally  similar  to  the  roles  of 
other  addicting,  psychoactive  drugs  in  behaviors  that  lead  to  their 
self-administration  (Chapter  V;  US  DHHS  1984b,  1987). 

A  practical  result  of  these  conclusions  has  been  the  development  of 
methods  to  treat  cigarette  smoking  that  are  similar  to  methods  used 
to  treat  other  forms  of  drug  dependence.  An  additional  implication  is 
that  because  cigarette  smoking,  like  other  forms  of  drug  dependence, 
involves  both  pharmacologic  and  behavioral  factors,  treatment 
approaches  also  may  involve  pharmacologic  agents,  behavioral 
strategies,  or  a  combination  of  these.  There  is  some  evidence,  as 
discussed  in  the  present  Chapter,  that  treatment  approaches  which 
address  both  pharmacologic  and  behavioral  factors  are  most  effec- 
tive. 

Current  data  indicate  that  smoking  prevalence  is  declining  much 
more  rapidly  among  certain  segments  of  the  population  (e.g.,  better 
educated,  higher  income,  professional)  than  among  others  (blue 
collar,  minority,  less  educated,  lower  income)  (Appendix  A).  Individu- 
als from  lower  socioeconomic  status  (SES)  back^ounds  appear  to 
have  less  access  to  treatment  and  may  be  less  likely  to  enroll  in 
treatment  programs  when  they  are  available.  Participants  in  most 
formal  treatment  programs  have  been  from  the  middle  and  upper- 
middle  class  (US  DHHS  1987).  To  have  maximum  impact  upon  the 
prevalence  of  smoking,  interventions  must  be  responsive  to  and  meet 
the  needs  of  lower  SES  smokers  in  a  variety  of  circumstances. 

Women  represent  an  additional  population  that  could  benefit  from 
tailored  programming.  Women  may  be  more  likely  to  use  cigarettes 
for  stress  reduction  and  mood  regulation  (Brunswick  and  Messeri 
1984;  Mitic,  McGuire,  Neumann  1985).  Potential  weight  gain  may 
represent  an  especially  serious  concern  for  many  female  smokers 
(Jacobson  1981;  US  DHEW  1980;  Chapter  VJ). 

Knowledge  of  the  dependence-producing  aspects  of  tobacco  unders- 
cores the  need  for  early  intervention  in  preventing  habitual  chronic 
tobacco  use.  This  approach  needs  to  be  sensitive  to  both  pharmaco- 
logic and  social  aspects  of  smoking.  Intervention  for  children  and 
adolescents  also  may  need  to  focus  upon  cessation  of  well-established 
smoking  patterns  in  addition  to  the  prevention  of  smoking  onset. 
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Treatments  that  assist  smokers  to  achieve  initial  cessation  and  to 
maintain  long-term  abstinence  are  needed.  High  rates  of  relapse 
plague  the  vast  majority  of  treatment  programs  as  well  as  self- 
initiated  quit  attempts.  Close  examination  of  the  physiological, 
psychological,  and  social  factors  that  promote  relapse  should  suggest 
more  effective  intervention  strategies.  Conceptualizing  the  quitting 
process  as  ongoing  may  also  be  useful  (Marlatt  and  Gordon  1985; 
Prochaska  and  DiClemente  1983).  Work  is  needed  not  only  to  reduce 
the  risk  of  initial  relapse,  but  to  accelerate  recycling  of  quitting 
attempts  in  the  event  that  relapse  does  occur  (Glasgow,  Lando,  Rand 
1986). 

Although  discussed  in  earlier  chapters  in  this  Volume,  it  is 
appropriate  to  summarize  some  observations  about  cigarette  smok- 
ing that  are  important  in  the  development  and  implementation  of 
treatment  strategies. 

1.  Chronic  tobacco  use  produces  physical  dependence  such  that 
cessation  may  be  accompanied  by  a  withdrawal  syndrome  that 
includes  feelings  of  discomfort  or  distress,  reduced  capacity  to 
work  or  handle  stressful  situations,  and  heightened  urges  to 
resume  smoking. 

2.  Consumption  of  tobacco  products,  which  inevitably  results  in 
administration  of  nicotine,  can  produce  effects  which  are 
perceived  as  desirable  or  otherwise  useful  to  the  cigarette 
smoker,  thereby  providing  a  strong  incentive  for  cigarette 
smoking.  There  is  evidence  that  nicotine  can  enhance  perfor- 
mance of  smokers  on  certain  types  of  attention  and  memory 
tasks.  Nicotine  also  exerts  an  important  role  in  the  relation- 
ship between  smoking  and  body  weight. 

3.  The  desire  to  handle  cigarettes  may  be  an  important  reason  for 
smoking  (Leventhal  and  Avis  1976).  Such  stereotypical  behav- 
iors are  characteristic  of  other  forms  of  drug  addiction  and 
other  compulsive  behaviors  not  involving  psychoactive  drug 
self-administration.  For  cigarette  smoking,  the  behaviors  ap- 
pear to  occupy  small  periods  of  time  with  hand-oral  manipula- 
tions (Ikard,  Green,  Horn  1969). 

4.  Nicotine  may  reduce  the  aversiveness  of  stressors  for  smokers 
(Pomerleau,  Turk,  Fertig  1984).  Stress  has  been  demonstrated 
to  increase  the  rate  of  smoking  (Leventhal  and  Cleary  1980; 
Schachter,  Silverstein,  Perlick  1977;  Chapter  VI). 

5.  There  are  numerous  environmental  factors  that  can  facilitate 
the  initiation  and  maintenance  of  smoking  (e.g.,  peer  pressure, 
family  influences,  images  conveyed  in  tobacco  advertising, 
association  with  social  and  work  activities)  (Flay  1985b; 
Warner  1986). 

Smoking  treatment  programs  are  designed  to  counter  these 
important  motivations  to  smoke.  For  example,  skills  training 
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treatments  are  designed  to  inculcate  skills  so  that  individuals  can 
cope  with  stressors  or  negative  affective  states  without  smoking. 
Aversion  treatments  are  designed  to  condition  cigarette  aversions  so 
that  smokers  anticipate  little  pleasure  from  smoking.  Nicotine 
polacrilex  gum  and  nicotine  fading  treatments  are  designed  to 
reduce  the  magnitude  of  the  nicotine  withdrawal  syndrome.  This 
Chapter  attempts  to  summarize  what  is  known  about  how  pharmaco- 
logic and  behavioral  treatments  exert  their  clinical  effectiveness. 
Knowledge  of  how  treatments  influence  smoking  will  be  the  base  on 
which  more  effective  treatments  are  designed. 

This  Chapter  describes  pharmacologic,  behavioral,  and  combined 
treatments  applied  in  clinical  and  laboratory  settings.  It  concen- 
trates on  work  published  since  the  last  major  Surgeon  Greneral's 
review  of  smoking  treatment  (US  DHEW  1979),  but  refers  back  to 
that  Report  for  historical  perspective.  Pharmacologic  and  behavioral 
treatment  strategies  are  reviewed  in  light  of  the  current  acceptance 
of  tobacco  use  as  a  form  of  drug  self-administration  that  has  clear 
addictive  properties  as  well  as  commonalities  with  other  forms  of 
drug  abuse. 

The  review  of  treatment  approaches  is  necessarily  selective. 
Smoking  interventions  can  be  placed  along  a  clinical-public  health 
continuum.  At  the  extreme  clinical  end  are  intensive  and  costly  one- 
to-one  interventions,  often  with  a  highly  trained  provider.  Examples 
include  one-to-one  behavioral  or  psychological  counseling.  Proceed- 
ing somewhat  toward  the  public  health  end,  one  finds  group 
programs,  many  of  them  offered  by  nonprofit  or  voluntary  organiza- 
tions, but  some  also  conducted  on  a  proprietary  basis.  These 
progrEims  typically  entail  4  to  10  sessions  and  are  usually  led  by 
facilitators  with  some  background  in  health  education  and  psycholo- 
gy, although  trained  lay  facilitators  are  also  used.  Further  along  the 
public  health  segment  of  the  continuum  are  minimal  interventions 
emphasizing  self-help  manuals  and  including  brief  contact  with 
physicians  during  office  visits. 

The  current  Qiapter  focuses  primarily  upon  the  treatment  of 
smokers  who  seek  assistance  in  quitting.  There  is  no  intent,  however, 
to  deny  the  importance  of  public  health  interventions  that  will 
ultimately  reach  a  far  greater  number  of  smokers.  Both  clinical  and 
public  health  approaches  are  absolutely  essential.  The  reader  is 
referred  to  previous  Surgeon  General's  Reports  and  other  publica- 
tions for  more  detailed  discussions  of  such  topics  as  physician 
intervention,  self-help  strategies  and  outcomes,  workplace  and 
community  interventions  (US  DHEW  1979;  US  DHHS  1982,  1984b, 
1985;  Schwartz  1987). 
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Treatment 


Although  most  pharmacologic  treatment  strategies  also  encom- 
pass behavioral  components  and  some  studies  have  systematically 
combined  pharmacologic  and  behavioral  interventions,  it  is  concep- 
tually useful  to  consider  these  two  major  types  of  approaches 
separately. 

One  major  pharmacologic  approach  has  involved  various  nicotine 
replacement  strategies.  As  discussed  in  Chapter  V,  the  general 
principle  of  replacement  therapies  for  drug  dependence  is  to  present 
the  patient  with  a  safer  and  more  therapeutically  manageable  form 
of  the  drug  that  directly  alleviates  signs  and  symptoms  of  withdraw- 
al and  craving  (Jaffe  1985).  These  strategies  are  modeled  after  those 
originally  developed  to  treat  dependence  on  heroin  and  other  opiates 
(Henningfield  and  Jasinski  1988).  A  variety  of  nontobacco-based 
delivery  systems  provide  potentially  effective  means  for  nicotine 
replacement.  Experinaental  and  theoretical  aspects  of  ieach  of  th^ 
delivery  systems  have  been  described  in  part  in  Chapter  IV.  In  the 
present  Chapter,  data  regarding  those  nicotine  delivery  systems  that 
are  most  relevant  to  direct  treatment  application  will  be  summa- 
rized. 

In  addition  to  nicotine  replacement  approaches,  the  following 
additional  pharmacologic  treatment  approaches  developed  for  other 
forms  of  drug  dependence  may  be  applied  to  tobacco  dependence: 
Nonspecific  Pharmacotherapy,  in  which  the  patient  is  treated 
S3miptomatically;  Nicotine  Blockade  Therapy,  in  which  the  behavior- 
controlling  effects  of  the  dependence-producing  drug  are  blocked  by 
pretreatment  with  an  antagonist;  and  Deterrent  Therapy,  in  which 
administration  of  the  treatment  drug  results  in  the  occurrence  of 
aversive  consequences.  All  three  approaches  have  potential  applica- 
tions in  the  treatment  of  cigarette  smoking.  Each  of  these  strategies 
is  discussed. 

Nicotine  Replacement  Strategies 

To  date,  only  one  form  of  nicotine  replacement  has  been  approved 
by  the  Food  and  Drug  Administration  (FDA):  nicotine  polacrilex 
chewing  gum  (2^mg  pieces  only).  Three  other  nicotine  delivery 
sjTstems  that  will  be  briefly  discussed  are  (1)  a  transdermal  patch  for 
delivery  of  nicotine  through  the  skin,  (2)  a  nasal  nicotine  solution, 
and  (3)  a  nicotine  vapor  inhaler  (smokeless  cigarette). 

There  is  considerable  current  interest  in  nicotine  replacement 
strategies  for  smoking  cessation  because  (1)  nicotine  is  the  critical 
dependence-producing  component  in  tobacco,  (2)  some  treatment 
outcome  data  on  the  efficacy  of  the  first  nicotine  replacement 
procedure  to  be  evaluated  (nicotine  polacrilex  gum)  are  encouraging, 
and  (3)  other  forms  of  nicotine  substitution  may  hold  further 
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potential  for  more  effective  treatment.  The  assumption  underlying 
this  treatment  approach  is  that  nicotine-specific  withdrawal  inter- 
feres with  successful  cessation  and  can  be  prevented  or  attenuated 
by  nicotine  replacement,  thereby  both  promoting  cessation  and 
aiding  the  inhibition  of  relapse.  For  a  more  extensive  review  of 
nicotine  replacement,  see  Grabowski  and  Hall  (1985)  and  Pomerleau 
and  associates  (1988). 

Forms  of  Replacement  and  Rationale 

The  first  reported  systematic  use  of  nicotine  replacement  to  help 
people  quit  smoking  was  the  intravenous  administration  of  nicotine 
by  Johnston  (1942).  This  approach  is  not  clinically  practical  because 
of  the  short  half-life  of  nicotine  (Chapter  11)  and  its  potential  toxicity 
with  excessively  rapid  administration  (Appendix  B).  The  next 
S3rstenimtic  approach  was  the  development  of  nicotine  polacrilex  gum 
by  Femo,  Lichtneckert,  and  Lundgren  (1973).  The  weaning  from 
nicotine  would  actually  begin  with  the  switch  from  cigarettes  to  gum 
in  that  nicotine  polacrilex  (1)  produces  slower-rising  plasma  nicotine 
levels  than  cigarettes  and  (2)  reduces  the  inhaled  nicotine  bolus 
effect  believed  to  contribute  to  iiicotine's  addictive  potential  in 
smoke  (Russell  and  Feyerabend  1978;  Chapter  U). 

The  same  rationale  applies  to  other  replacement  approaches 
(Jarvik  1986;  Russell  1986)  including  nicotine  transdermal  delivery 
systems,  nasal  nicotine  solution  (NNS),  and  smoke-free  nicotine 
cigarettes.  The  different  forms  allow  variations  in  delivery  (dose  and 
speed)  which  may  influence  effectiveness,  relief  of  withdrawal, 
patient  ao^ptance,  and  outcome. 

Nicotine  Polacrilex  Gum 

"Nicotine  polacrilex"  or  "nicotine  resin  complex"  (American 
Hospital  Formulary  1987)  is  also  commonly  referred  to  as  nicotine 
gum.  It  is  a  nicotine  delivery  system  in  which  the  nicotine  is 
incorporated  into  an  ion  exchange  resin  base  which  permits  release 
of  nicotine  in  the  proper  environment  (i.e.,  saliva  in  the  mouth)  when 
appropriate  physical  pressure  (i.e.,  chewing)  is  applied.  Twenty  to 
thirty  minutes  of  proper  chewing  can  result  in  the  release  of 
approximately  90  percent  of  the  nicotine  (Ferno,  Lichtneckert, 
Lundgren  1973),  although  there  are  multiple  determinants  of  how 
much  nicotine  actually  is  absorbed.  As  discussed  in  Chapter  II,  10  to 
15  min  of  chewing  results  in  the  release  of  approximately  50  to  60 
percent  of  the  nicotine  in  a  piece  of  gum.  However,  considerable 
variability  exists  both  within  and  across  subjects  (Benowitz,  Jacob, 
Savanapridi  1987;  Nemeth-Coslett  et  al.  1987;  Pickworth,  Herning, 
Henningfield  1986;  Chapter  II).  Swallowed  nicotine  is  approximately 
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70  percent  detoxified  as  a  result  of  its  first  pass  through  the  liver 
(Benowitz,  Jacob,  Savanapridi  1987;  Chapter  11). 

Nicotine  polacrilex  gum  does  not  usually  lend  itself  to  full 
replacement  of  the  nicotine  provided  by  cigarette  smoking.  Russell, 
Feyerabend,  and  Cole  (1976)  and  McNabb,  Ebert,  and  McKusker 
(1982)  reported  that  4-mg-nicotine  gum  produced  plasma  nicotine 
levels  approximating  that  of  a  1.2-mg-nicotine-yield  cigarette.  How- 
ever, Benowitz,  Jacob,  and  Savanapridi  (1987)  found  only  about  50 
percent  replacement  of  nicotine  levels  with  4-mg  gum.  Benowitz, 
Jacx)b,  and  Savsmapridi  (1987)  reported  that  chewing  10  pieces  of  2- 
mg  gum  on  an  hourly  schedule  resulted  in  blood  levels  of  nicotine 
that  were  one-third  of  those  achieved  while  smoking.  Therefore,  ad 
libitum  chewing  of  the  2-mg  nicotine  polacrilex  gum  probably  results 
in  even  lower  nicotine  levels.  When  nicotine  polacrilex  gum  is 
chewed,  drug  levels  in  plasma  rise  slowly,  peaking  in  around  20  to  30 
min.  Although  the  4-mg  nicotine  polacrilex  gum  replaces  nicotine 
more  completely,  most  testing  has  proceeded  with  the  2-mg  dose; 
only  the  2-mg  dose  has  been  approved  for  use  in  the  United  States.  It 
should  be  noted,  however,  that  effective  nicotine  replacement 
strategies  may  not  require  the  same  range  of  nicotine  blood  levels  as 
those  produced  by  cigarette  smoking.  Even  the  2-mg-dose  nicotine 
polacrilex  gum  has  increased  smoking  cessation  rates  significantly 
in  several  placebo-controlled  studies  CTable  1). 

Withdrawal  symptom  relief.  Several  short-term  trials  (8  hr  to  5 
days)  have  found  that  nicotine  polacrilex  gum  reduced  symptoms  of 
withdrawal  in  comparison  to  placebo  controls  (Hughes  et  al.  1984; 
Schneider,  Jarvik,  Forsythe  1984;  West,  Jarvis,  Russell,  Carruthers 
et  al.  1984).  Jarvis  and  associates  (1982)  reported  relief  of  several 
symptoms  for  a  6-week  period,  with  scores  averaged  over  weekly 
sessions.  EJxpectancy  may  also  play  a  role  in  withdrawal  symptom 
relief,  as  suggested  in  a  study  by  Gottlieb  and  others  (1987). 
Interpretation  of  this  study  is  limited,  however,  by  a  brief  (2-week) 
observation  period  and  by  the  possibility  that  subjects  failed  to 
achieve  adequate  nicotine  plasma  levels. 

In  previous  studies,  not  all  symptoms  were  relieved  with  replace- 
ment nor  was  there  consistency  among  the  studies  in  which 
symptoms  were  relieved  (Fagerstrom  1988;  West  1984).  Irritability 
was  consistently  relieved  in  all  studies,  whereas  hunger,  depression, 
anxiety,  difficulty  in  concentrating,  restlessness,  annoyance,  hostili- 
ty, and  somatic  complaints  were  reduced  in  some  but  not  others.  The 
degree  to  which  most  s3nnptoms  are  relieved  is  directly  related  to  the 
dose  of  nicotine  that  is  actually  obtained  when  the  polacrilex  gum  is 
used  (Henningfield  and  Jasinski  1988).  The  urge  to  smoke  (craving) 
is  not  reliably  decreased  by  nicotine  replacement  (Henningfield  and 
Jasinski  1988;  West  and  Schneider  1987). 
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TABLE  1.— Efficacy  trials  for  nicotine  polacrilex  gum: 
FoUowup  abstinence  rates  (percentages) 


Study 


I.  Placebo-controlled  studies 


Number ' 


Active  gum 


Placebo 


Followup 


Puska  et  al. 
(1979) 

Malcolm  et  ai. 
(1980) 

Fee  and  Stewart 

(1982) 

Fagerstrom 
(1982b) 

Jarvis  et  al. 
(1982) 

British  Thoracic 
Society  (1983) 

Schneider  et  al. 
(1983) 

Hjalmarson 
(1984) 

Jamrozik  et  al. 
(1984) 

Campbell  et  al. 
(1987) 

Hall  et  al. 
(1987) 


160 
210 
352 

96 
116 
802 

60 
205 
200 
985 
139 


35 
23 
13 
49 
47 
10 
30 
29 
10 
3 
44 


28 
5 
9 
37 
21 
14 
20 
16 
8 
2 
21 


6  mo 
6  mo 

lyr 

1  yr 
lyr 
1  yr 
1  yr 
1  yr 
6  mo 
1  yr 
1  yr 


N.S. 
p<0.05 

N.S. 

N.S. 
p<0.01 

N.S. 

N.S. 
p<0.05 

N.S. 

N.S. 
p<0.01 


Study 

Russell  et  al. 

(1983) 

Fagerstrom 
(1984) 

Hjalmarson 

(1985) 

Page  et  al. 
(1986) 


II.  No-gum  control  studies 


Number ' 


1,938 


145 


2,404 


227 


Nicotine  gum 


25 


No  gum 


25 


12 


18 


Followup 
1  yr 
1  yr 
1  yr 

6  mo 


p<0.01 
p<0.05 
p<0.05 
N.S. 
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TABLE  1.— Continued 


III.  Nicotine  polacrilex  gum  vs.  other  active  treatment 


Study 


Number ' 


Gum 


Comparison 


FoUowup 


Behavioral  counseling  and  rapid  smoking 


Raw  et  al.  118 

(1980) 

Hall  et  al.  78 
(1985) 

Skills  training 

Killen  et  al.«  42 
(1984) 

Acupuncture 

Claveletal."  429 
(1985) 


38 


36 


23 


12 


14 


28 


30 


1  yr  p<0.01 


1  yr 


N.S. 


10  mo  N.S. 


13  mo  N.S. 


'  Number  of  subjects  based  on  relevant  conditions;  may  not  include  all  subjects  assigned  to  treatment. 

Also  included  a  combined  skills  training  and  nicotine  polacrilex  gum  condition. 
■'  Included  a  control  condition  in  which  subjects  were  assigned  a  cigarette  case  programmed  to  lock  at  variable 
intervals. 

SOURCE:  Modeled  after  Fagerstrom  (1988). 


The  studies  noted  above  used  ad  libitum  administration  of  the  2- 
mg  gum.  This  level  of  replacement  may  be  insufficient  to  reverse 
some  of  the  symptoms  of  nicotine  withdrawal.  Studies  which  have 
shown  little  difference  between  the  2-mg  dose  and  placebo  are  not 
clearly  interpretable  unless  they  have  confirmed  adequate  dosing 
through  biochemical  markers  (e.g.,  plasma  cotinine).  When  the 
nicotine  polacrilex  dose  has  been  increased  to  4  mg,  more  complete 
reversal  of  withdrawal  (Henningfield,  Sampson,  Nemeth-Coslett 
1986),  of  electroencephalogram  (EEG)  changes  with  abstinence 
(Pickworth,  Heming,  Henningfield  1986),  and  of  performance  defi- 
cits during  cessation  (Snyder,  Davis,  Henningfield  1985)  is  observed. 

Different  withdrawal  sjonptoms  may  also  require  different  levels 
of  nicotine  replacement.  Whether  a  particular  withdrawal  symptom 
is  nicotine  specific  cannot  be  determined  until  there  is  systematic 
testing  by  dose  and  speed  of  delivery  of  nicotine  replacement.  In 
addition,  recent  studies  show  that  intrasubject  and  intersubject 
variability  in  chewing  can  affect  the  amount  of  nicotine  reaching  the 
circulation  (Benowitz  et  al.  1983;  Nemeth-Coslett  et  al.  1985). 
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There  is  also  some  evidence  that  weight  gain,  a  significant  problem 
in  cessation,  can  be  reduced  by  nicotine  replacement  (Fagerstrom 
1987).  Even  low-dose,  2-mg-nicotine  gum  has  been  shown  to  produce 
significantly  less  weight  gain  over  a  10-week  period  compared  with  a 
placebo  (Stitzer  and  Gross  1988). 

Cravings-urges-desires.  Findings  regarding  urges  or  craving  are 
complicated  by  semantic  and  measurement  considerations  (Kozlow- 
ski  and  Wilkinson  1987)  and  by  ambiguity  as  to  what  constitutes 
craving  (West  and  Schneider  1987).  Definitions  of  craving  have 
proven  elusive.  It  is  often  described  as  an  increase  in  the  desire  or 
urge  to  use  a  drug.  Although  the  term  craving  is  used  in  the  present 
context,  a  more  appropriate  phrase  might  be  substituted,  e.g., 
"strength  of  an  urge  to  use  a  drug"  (Chapters  IV  and  V). 

In  the  tobacco  abstinence  studies  cited  above,  craving  generally 
was  not  relieved  by  nicotine  replacement.  By  contrast,  significant 
relief  of  craving  has  been  reported  with  2-mg-nicotine  polacrilex  gum 
compared  with  placebo  controls  in  an  outcome  trial  (Hjahnargon 
1984),  in  a  clinical  trial  with  NNS  (Jarvis  1986),  and  with  a  nicotine 
patch  in  an  acute  placebo-controlled  trial  (Rose  et  al.  1985).  The 
discrepancies  may  be  due  to  how  "craving"  is  assessed.  In  a  study  by 
Schneider  and  Jarvik  (1985),  treatment  had  no  effect  on  "craving" 
but  did  significantly  affect  "urges  to  smoke"  and  "missing  a 
cigarette"  from  the  Shiffman-Jarvik  (1976)  "craving"  subscale. 
Because  nicotine  seeking  is  believed  to  precede  most  relapse  and  its 
relief  is  a  goal  of  replacement  systems,  appropriate  operational 
definitions  and  testing  are  essential. 

Craving  should  not  be  viewed  simply  as  a  symptom  of  a  negative 
withdrawal  state.  Smokers  clearly  seek  desired  effects  of  nicotine  in 
addition  to  relief  from  withdrawal  (Chapters  II  and  VI),  Nicotine 
polacrilex  gum  may  reduce  negative  withdrawal  symptoms  without 
providing  other  effects  (e.g.,  a  "high")  sought  by  many  smokers. 

Efficacy  trials.  Table  1  summarizes  efficacy  trials  that  evaluated 
nicotine  polacrilex  giuii  against  placebo  controls^  no-gum  controls,  or 
other  active  treatment.  This  Table  does  not  include  all  the  studies 
that  combined  nicotine  polacrilex  gum  with  behavioral  interven- 
tions. 

The  early  studies  of  nicotine  replacement  involved  testing  of  the 
nicotine  regulation  hypothesis  (e.g.,  the  extent  to  which  cigarette 
smokers  show  compensatory  changes  in  their  cigarette  smoking 
behavior;  Chapter  IV).  These  studies  assessed  the  capacity  of 
nicotine  in  polacrilex  gum  to  replace  nicotine  in  cigarettes  (Brant- 
mark,  Ohlin,  Westling  1973;  Russell  et  al.  1976;  Turner  et  al.  1977). 
Several  studies  have  demonstrated  that  cigarette  smoking  can  be 
decreased  in  laboratory  subjects  by  replacement  of  the  nicotine 
normally  obtained  by  ^mbldng  with  nicotine  delivered  by  guih 
(Nemeth-Coslett  and  Henningfield  1986).  Early  clinical  outcome 
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trials,  although  supporting  the  efficacy  of  nicotine  polacrilex  gum, 
were  flawed  by  statistical  problems,  inadequate  nicotine  delivery, 
concurrent  smoking  and  use  of  gum  by  subjects,  and  lack  of 
validation  or  inappropriate  controls  (Malcolm  et  al.  1980;  Puska, 
Bjorkqvist,  Koskela  1979;  Raw  et  al.  1980).  In  the  placebo-controlled 
clinical  trials,  nicotine  polacrilex  gum  significantly  increased  success 
rates  for  as  long  as  6  months  in  some  studies  (Fagerstrom  1982a; 
Schneider  et  al.  1983)  and  1  year  in  others  (Hjalmarson  1984;  Jarvis 
et  al.  1982;  Table  1).  It  should  be  noted,  however,  that  in  most  of 
these  studies,  other  treatment  procedures  (e.g.,  group  therapy)  were 
applied  in  addition  to  either  nicotine  polacrilex  gum  or  placebo. 

Subsequent  efficacy  trials  proceeded  without  regard  to  control  of 
dose  or  scheduled  use  of  nicotine  polacrilex  gum.  The  trials  may  be 
divided  into  those  conducted  in  clinic  settings  versus  physician  or 
dispensary  trials.  Different  trials  compared  active  gum  with  a 
placebo,  active  gum  with  no-gum  conditions,  or  gum  with  other 
treatments  (Fagerstrom  1988). 

HaU  and  coworkers  (1985)  assessed  nicotine  polacrilex  gum  plus  an 
intensive  contact  behavioral  treatment  (14  sessions  over  an  8-week 
period),  nicotine  polacrilex  gum  plus  low-contact  behavioral  treat- 
ment (4  sessions  over  a  3-week  period),  and  the  intensive  behavioral 
treatment  alone.  The  combination  of  intensive  behavioral  treatment 
and  nicotine  polacrilex  gum  was  significantly  superior  to  the  other 
interventions  through  6-month  foUowup.  Differences  were  no  longer 
si^ificant  at  1  year,  however.  In  a  subsequent  study,  Hall  and 
colleagues  (1987)  assigned  subjects  to  intensive  behavioral  or  to  low- 
contact  smoking  treatment  and  to  2-mg-nicotine  gum  or  to  placebo 
gum  in  a  2-by-2  factorial  design.  Results  at  1-year  followup  indicated 
significant  effects  only  for  nicotine  polacrilex  gum.  No  differences 
were  found  between  low-contact  treatment  and  intensive  behavioral 
intervention.  In  a  study  by  Killen  and  colleagues  (1984),  the  success 
rate  of  nicotine  polacrilex  gum  combined  with  behavioral  treatment 
at  a  10.5-month  followup  was  50  percent  as  opposed  to  23  percent  for 
gum  and  30  percent  for  behavioral  treatment  alone.  However,  these 
differences  between  treatment  conditions  were  not  significant. 

Physician  trials  have  resulted  in  lower  overall  success  rates  for  all 
groups  and  some  equivocal  findings.  These  lower  success  rates  may 
be  attributable,  at  least  in  part,  to  a  selection  bias.  Clinics  may 
attract  only  a  small  proportion  of  smokers  who  are  interested 
specifically  in  treatment.  Physician  trials  sometimes  have  included 
all  smoking  patients  regardless  of  their  level  of  interest  in  quitting. 
The  British  Thoracic  Society  (1983)  reported  no  differences  among 
four  conditions  involving  active  nicotine  polacrilex  or  placebo  gum. 
However,  this  study  included  patients  who  were  not  actively  seeking 
treatment  and  failed  to  instruct  patients  in  the  use  of  the  prepara- 
tion. Jamrozic  £ind  coworkers  (1984),  using  patients  who  were 


476 


motivated  to  quit,  reported  no  differences  between  patients  given 
nicotine  polacrilex  or  placebo  gum.  In  that  study,  only  70  percent  of 
the  subjects  even  tried  the  active  nicotine  polacrilex  gum,  and  only 
one-half  of  the  subjects  used  it  regularly.  In  a  dispensary  study  with 
nicotine  polacrilex  versus  placebo  gum,  all  individuals  started  gum 
but  most  stopped  use  within  3  to  5  days  and  failed  (Schneider  et  al. 
1983). 

Differences  in  outcome  comparing  the  clinic  setting  versus  physi- 
cian offices  have  been  interpreted  as  indicating  the  requirement  for 
support  treatment  with  nicotine  polacrilex  gum.  However,  it  is  not 
clear  whether  support  treatment  per  se  is  necessary  or  whether  it 
serves  to  encourage  sufficient  use  of  the  preparation.  In  fact, 
compliance  with  gum  use  instructions  is  often  unsatisfactory  in  both 
clinic  and  physician  office  settings.  In  a  large  physician  trial, 
Russell,  Meniman,  and  colleagues  (1983)  reported  that  47  percent  of 
subjects  given  active  nicotine  polacrilex  gum  did  not  use  it.  However, 
use  of  nicotine  polacrilex  gum  resulted  in  significantly  higher 
success  rates  (8.8  percent)  compared  with  no  gum  (4.0  percent)  at  1 
year,  and  when  patients  used  a  total  of  at  least  three  boxes  of 
nicotine  polacrilex  gum,  success  rates  tripled  to  24  percent  without 
further  intervention.  It  is  unclear  whether  these  substantially 
increased  success  rates  are  a  function  of  gum  use  per  se  or  simply  a 
reflection  of  a  greater  overall  commitment  to  treatment. 

FoUowup  may  also  prove  to  be  important  for  a  good  outcome. 
Fagerstrom  (1984)  assigned  subjects  to  either  short  or  long  foUowup 
and  to  either  nicotine  polacrilex  gum  or  no^um  conditions.  Short 
foUowup  consisted  of  one  physician  appointment  approximately  14 
days  after  cessation.  Long  foUowup  included  two  physician  appoint- 
ments (approximately  14  and  30  days  after  cessation),  a  telephone 
call  (after  about  7  days),  and  a  personal  letter  inquiring  about 
patients'  smoking  status  (3  months  after  cessation).  Results  at  1-year 
foUowup  indicated  significant  differences  in  favor  of  nicotine  polacri- 
lex gum  over  no  gum.  Initial  effects  were  also  found  for  loi^  over 
short  foUowup.  However,  these  effects  were  no  longer  significant  at 
1-year  foUowup.  At  this  point  27  percent  of  the  subjects  assigned  long 
foUowup  and  nicotine  polacrilex  gum  were  abstinent,  compared  with 
22  percent  of  those  receiving  short  foUowup  and  nicotine  gum,  15 
percent  of  those  assigned  long  foUowup  and  no  gum,  and  3  percent  of 
those  receiving  short  foUowup  and  no  gum.  In  a  recent  physician 
trial  by  Hughes  and  associates  (1988),  with  minimal  intervention  and 
a  foUowup  visit,  significant  differences  in  favor  of  active  gum  over 
placebo  gum  were  observed  at  1  and  6  months,  although  the 
differences  were  no  longer  evident  at  1  year. 

The  high  long-term  relapse  rate  observed  in  their  own  and  other 
published  reports  led  Hughes  and  coworkers  (1988)  to  conclude  that 
nicotine  polacrUex  gum  in  the  physician  setting  is  not  more  effective 
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than  placebo.  However,  the  issue  may  be  a  different  one.  In  several 
studies,  early  significant  effects  reported  at  1  month  (Fee  and 
Stewart  1982)  and  6  months  (Fagerstrom  1982a;  Hall  et  al.  1985; 
Schneider  et  al.  1983)  disappeared  at  1  year  although  the  trends 
continued  to  favor  active  nicotine  polacrilex  gum.  Rather  than  being 
interpreted  as  a  failure  for  nicotine  polacrilex  gum  versus  a  placebo, 
this  may  mean  that  what  is  effective  treatment  for  initial  quitting 
(e.g.,  relief  of  withdrawal  symptoms)  is  different  from  effective  long- 
term  relapse  prevention: 

Another  variable  which  may  affect  outcome  is  duration  of  nicotine 
polacrilex  gum  use.  It  has  been  suggested  that  longer  use  will  be 
more  effective  (Russell,  Raw,  Jarvis  1980;  Wilhelmsen  and  Hjalmar- 
son  1980),  yet  duration  of  use  remains  an  untested  and  unresolved 
issue.  The  one  prospective  trial  comparing  1-  with  ermonth  use  of 
nicotine  polacrilex  gum  (Fagerstrom  and  Melin  1985)  was  flawed  by 
differential  clinical  intervention  for  the  1-month  group.  Duration  of 
use  is  also  an  issue  in  evaluating  foUowup  results.  FoUowup  is 
virtually  never  calculated  as  time  since  discontinuation  of  nicotine 
polacrilex  gum.  One-year  foUowup  results  might  be  considerably 
shorter  if  the  end  of  treatment  were  defined  as  the  point  at  which 
nicotine  polacrilex  gum  is  no  longer  consumed.  In  fact,  a  significant 
proportion  of  subjects  appear  to  persist  in  their  use  of  this  gum  for  at 
least  6  nionths  to  1  year  (Hughes  1988). 

Dose  and  patient  relationship.  A  few  trials  have  used  both  2-  and  4- 
mg  doses  of  nicotine  polacrilex  gum  (Komitzer  et  al.  1987;  Toenn^ 
sen  et  al.,  in  press;  Toennesen  1986).  These  studies  have  not  found  a 
direct  effect  of  dose  but  report  that  dose  interacts  significantly  with 
degree  of  nicotine  dependence  in  the  smokers  tested.  Four-milligram 
nicotine  polacrilex  gum  improved  success  rates  for  more  highly 
dependent  smokers,  whereas  2^mg  nicotine  polacrilex  gum  was 
superior  in  less-dependent  smokers.  The  problem,  once  iagain,  is  that 
ad  libitum  dosing  (thus  uncontrolled  dose-response  testing)  reduces 
the  interpretability  of  the  observed  effects.  Otherwise,  the  logic  is 
reasonable:  smokers  who  have  a  greater  degree  of  dependence  on 
nicotine  may  require  treatment  with  higher  doses  than  those 
required  by  less-dependent  smokers. 

With  respect  to  the  selection  of  subjects  for  treatment  with 
nicotine  polacrilex  gum.  Hall  and  colleagues  (1985)  reported  a 
significant  positive  correlation  between  smokers  with  high  pre-quit 
cotinine  levels  and  abstinence  with  nicotine  polacrilex  gum.  Jarvik 
and  Schneider  (1984)  reported  that  individusds  scoring  high  on  the 
Fagerstrom  Tolerance  Scale  had  ^eater  success  with  replacement. 
Other  selection  issues  may  be  equally  important.  For  example, 
Toennesen  and  coworkers  (in  press)  reported  a  substantial  difference 
in  outcome  at  1  year  between  healthy  subjects  (45  percent  success) 
and  those  with  chronic  bronchitis  (16.2  percent).  Patient  selection 
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and  variations  in  severity  of  nicotine  dependence  are  expected  to 
interact  with  success  rates  for  any  replacement  therapy  (Chapter 
IV). 

Nasal  Nicotine  Solution 

Russell,  Jarvis,  and  colleagues  (1983)  have  investigated  nicotine 
replacement  in  the  form  of  an  NNS.  NNS  is  a  gel-like  droplet  of 
nicotine  squeezed  into  the  nose  from  a  small  vial.  NNS  was 
formulated  to  provide  more  rapid  and  efficient  absorption  of  nicotine 
than  is  possible  with  use  of  nicotine  in  polacrilex  gum  (Russell  1986; 
Jarvis  1986). 

Russell,  Jarvis,  and  colleagues  (1983)  reported  average  peak 
plasma  nicotine  levels  of  25.7  ng/mL  in  three  male  smokers  for  a 
single  cigarette?  (1.4-mg  machine-determined  nicotine  yield),  8.5 
rig/mL  for  oiie  piece  of  2-mg  gum,  and  14.1  ng/mL  for  NNS  (0.1  mL 
of  a  2  percent  aqueous  solution  of  nicotine,  2  mg,  at  pH  5.0  without 
added  buffer).  Higher  levels  with  hourly  dosing  of  NNS  versus 
nicotine  polacrilex  gum  were  also  documented  (West,  Jarvis,  Russell, 
F^yerabend  1984). 

Only  very  preliminary  data  are  available  with  respect  to  the 
clinical  efficacy  of  NNS.  Jarvis  (1986)  reported  decreased  craving 
and  encouraging  abstinence  outcomes  in  a  sample  of  26  consecutive 
new  attenders  at  the  Maudsley  Smokers  Clinic  (approximately  two- 
thirds  of  the  subjects  achieved  initial  abstinence  and  onie-third 
remained  abstinent  at  1-year  follpwup).  The  faster  absorption  and 
higher  plasma  nicotine  levels  attained  with  NNS  as  opposed  to 
nicotine  polacrilex  gum  suggest  that  NNS  may  be  more  effective  and 
better  accepted  by  smokers  as  a  replacement  for  cigarettes.  However, 
subjects  in  the  Jarvis  study  reported  NNS  to  be  somewhat  embar- 
rassing to  use  in  the  company  of  others. 

Nicotine  Transdermal  Patcli 

Rose,  Jarvik,  and  Rose  (1984)  initially  suggested  that  a  transder- 
mal nicotinie  delivery  system  might  be  an  effective  route  of  adminis- 
tration. In  a  short-term  (hours)  laboratory  trial.  Rose  and  colleagues 
(1985)  reported  a  decrease  in  craving  and  nicotine  preference  in 
subjects  using  a  nicotine  patch  versus  a  placebo  patch. 

A  transdermal  delivery  system  could  eliminate  some  of  the 
compliance  and  chewing  problems  associated  with  nicotine  polacri- 
lex gum.  Steady-state  administration  expected  from  siich  a  system 
may  be  more  effective  in  preventing  withdrawal  symptoms.  While 
the  patch  does  not  allow  for  self-dosing  in  response  to  smoking  urges, 
it  could  potentially  be  used  in  combination  with  the  other  rapidly 
absorbed  forms  of  nicotine  replacement.  Transdermal  delivery 
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systems  have  not  yet  been  tested  in  clinical  trials  or  in  nonlaborato- 
ry  settings. 

Nicotine  Aerosols 

Devices  have  been  marketed  that  provide  for  inhalation  of  nicotine 
without  other  components  of  tobacco.  One  such  product  was  on  the 
commercial  market  for  approximately  18  months,  but  was  removed 
by  the  FDA  (Chapter  IV).  Because  the  nicotine  vapor  inhaler  was 
devoid  of  tobacco  (other  than  the  tobacco  constituent  nicotine),  it  was 
deemed  by  the  FDA  to  be  a  nicotine  delivery  system.  Because 
nicotine  is  regarded  as  a  drug  with  clinical  application  (namely  to 
treat  nicotine  dependence),  the  FDA  ruled  that  it  could  not  be  sold 
until  it  had  been  shown  to  be  safe  and  effective  in  appropriate 
clinical  trials. 

Technical  engineering  problems  have  also  been  encountered.  The 
shelf  life  of  the  unre&i^erated  vapor  inhaler  was  apparently  limited 
to  approximately  1  month.  In  addition,  this  device  delivers  little 
nicotine  unless  there  is  extraordinary  effort  on  the  part  of  the  user 
(Sepkovic  et  al.  1986).  Russell  and  associates  (1987)  reported  negligi- 
ble plasma  nicotine  levels  when  vapor  inhalers  were  puffed  at  a 
r^ular  rate  for  10  min.  When  the  nicotine  vapor  inhalers  were 
puffed  at  the  rate  of  10  puffs/min  and  4  of  th^  inhalers  were  used 
in  a  20-min  period,  plasma  nicotine  levels  increased  to  17.3  ng/mL, 
levels  similar  to  those  seen  after  cigarette  smoking. 

If  nicotine  aerosols  can  be  improved,  they  may  be  of  value  to 
smokers  for  whom  slow-release  nicotine  replacement  preparations 
are  inadequate  to  produce  the  desired  effects  of  nicotine.  Such 
aerosols  would  allow  nicotine  replacement  with  some  replacement 
also  of  the  oral,  handling,  and  sensory  reinforcements  (Rose  1986)  for 
individuals  who  need  to  be  weaned  more  slowly.  Whether  these 
aerosols  will  be  effective  in  smoking  cessation  treatment  is  unknown. 

Comparisons  of  Preparations 

All  nicotine  replacement  products  produce  side  effects.  Nicotine 
polacrilex  gum  may  produce  mouth  sores,  gastric  upset,  and  hiccups. 
NNS  produces  runny  nose  and  irritation,  whereas  transdermal 
devices  can  result  in  skin  irritation,  TransdermgQ  devices  have  the 
advantages  of  better  patient  compliance  with  treatment  and  steady- 
state  drug  levels,  whereas  NNS  and  nicotine  polacrilex  gum  have  the 
advantage  of  ad  libitum  access  to  replacement.  Because  triggers  to 
smoke  can  appear  at  any  time,  the  flexibility  offered  by  the  latter 
may  be  essential.  Ultimately,  a  combination  of  preparations  may  be 
most  useful  to  control  symptoms  as  well  as  to  allow  instant  responses 
to  smoking  urges.  At  this  point,  the  replacement  therapies  in 
development  must  undergo  testing  for  bioavailability,  safety,  and 
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toxicity  as  well  as  testing  for  dose-response  effectiveness  in  relief  of 
withdrawal  and  efficacy  in  treatment. 

Dependence  on  Nicotine  Replacement 

West  and  Russell  (1986)  and  Hughes  and  coworkers  (1986)  reported 
the  appearance  of  withdrawal  symptoms  upon  abrupt  cessation  of 
nicotine  polacrilex  gum.  However,  the  authors  have  different 
interpretations  of  these  findings.  Hughes  and  coworkers  (1986) 
consider  this  phenomenon  as  an  indication  that  nicotine  polacrilex 
gum  produces  phjrsical  dependence.  West  and  Russell  (1986)  point 
out  that  any  dependence  on  this  gum  is  part  of  the  continued 
dependence  on  nicotine  that  originated  with  smoking  and  is  bound  to 
transfer  during  weaning  (Chapter  IV). 

A  more  complicated  issue  is  that  of  continued  compulsive  long- 
term  use.  The  definition  of  excessive  long-term  use  cannot  be 
resolved  without  studies  to  determine  the  length  of  treatment 
necessary  and  sufficient  for  successful  intervention.  No  such  studies 
are  available  in  the  current  published  literature.  Hughes  (1988) 
reports  that  many  abstinent  smokers  are  unable  to  discontinue 
nicotine  polacrilex  gum  use  (35  to  90  percent  of  abstinent  smokers  at 
6  months  and  13  to  38  percent  at  1  year  continued  to  use  nicotine 
polacrilex  gum  despite  advice  to  stop). 

An  important  additional  issue  is  whether  it  is  possible  to  initiate 
and  maintain  physical  dependence  on  nicotine  with  replacement 
products  alone.  Nicotine  polacrilex  has  been  used  widely  with  no 
reported  cases  of  such  development.  This  would  suggest  that  nicotine 
polacrilex  gum,  through  a  combination  of  regulatory,  packaging, 
marketing,  and  physical  characteristics,  does  not  readily  lend  itself 
to  such  abuse.  Systematic  investigation  of  the  dependence-producing 
potential  of  other  replacement  products  is  needed. 

Other  Pharmacologic  Approaches 

Nonspecific  Pharmacotherapy — Symptomatic  Treatment 

As  reviewed  in  Chapters  III  and  IV,  administration  and  withdraw- 
al from  nicotine  produce  a  number  of  neurohormonal  and  other 
physiological  effects.  These  effects,  as  well  as  those  on  receptors  in 
the  central  nervous  system,  mediate  the  various  actions  of  tobacco 
(Chapters  IV  and  VI).  Because  several  such  effects  are  functional  in 
the  maintenance  of  cigarette  smoking  and  in  relapse,  it  is  generally 
assumed  that  addressing  such  factors  would  enhance  treatment 
programs  (Pomerleau  and  Pomerleau  1984;  Shumaker  and  Grunberg 
1986).  Such  strategies  are  also  an  integral  part  of  many  interven- 
tions for  drug  addiction  in  general,  as  described  in  Chapter  V. 

Prevention  of  relapse  to  tobacco  may  be  aided  by  specific  interven- 
tion (pharmacologic  or  behavioral)  for  needs  met  by  the  use  of 
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tobacco.  The  present  summary  will  mainly  address  pharmacolc^c 
methods,  excluding  nicotine  replacement,  that  have  been  either  used 
or  suggested  as  means  to  alleviate  the  effects  of  tobacco  abstinence 
that  are  considered  adverse  by  patients  themselves.  The  categories  of 
such  adverse  effects  for  which  pharmacologic  treatment  intervention 
appears  viable  are  derived  from  the  effects  of  tobacco  in  the 
regulation  of  mood,  weight,  performance,  and  the  prevention  of 
specific  withdrawal-related  discomfort.  In  addition,  the  results  of 
studies  involving  pharmacologic  approaches  to  directly  alter  ciga- 
rette consumption  will  be  summarized. 

The  emphasis  in  this  Section  is  upon  recent  research.  It  should  be 
noted  that  there  is  a  long  history  of  generally  unsuccessful  pharma- 
cologic treatment  of  smokers  (Gritz  and  Jarvik  1977;  Jarvik  and 
Gritz  1977).  Experimentation  with  lobeline  sulfate  as  a  smoking 
substitute  dates  back  to  the  early  1900s  (Edmunds  1904).  Lobeline 
appears  to  be  no  more  effective  than  a  placebo  in  facilitating 
abstinence  (Schwartz  1987).  Medications  intended  to  reduce  with- 
drawal s3anptoms  (sedatives,  tranquilizers,  anticholinergics,  sympa- 
thomimetics, and  anticonvulsants)  also  have  failed  to  improve 
outcome  relative  to  placebos  (Gritz  and  Jarvik  1977). 

Treatment  of  Discomfort  Associated  with  Tobacco  Withdrawal 

The  signs  and  symptoms  of  tobacco  withdrawal  vary  to  some 
degree  in  nature  and  severity  among  individuals,  as  shown  in 
Chapter  IV  (also  Hughes  and  Hatsukami  1985).  Because  symptoms 
can  be  treated  independently  of  their  origin,  symptomatic  therapy 
approaches  might  be  useful  in  alleviation  of  tobacco  abstinence- 
associated  discomfort.  This  approach  was  used  in  a  study  by 
Classman  and  his  colleagues  (1984).  In  this  study,  alprazolam  (1  mg 
orally)  and  clonidine  (0.2  mg  orally)  were  compared  with  a  placebo 
for  heavy  cigarette  smokers  on  days  when  they  abstained  from 
tobacco.  The  subjects  were  exposed  to  one  of  the  medication 
conditions  on  each  of  3  smoking  abstinence  study  days,  which  were 
separated  by  at  least  3  days  of  normal  smoking.  Alprazolam,  a 
benzodiazepine  tranquilizer,  was  included  as  a  control  because  of  the 
known  sedative  effects  of  clonidine.  Both  clonidine  and  alprazolam 
were  more  effective  than  the  placebo  in  reducing  anxiety,  irritabili- 
ty, restlessness,  and  tension.  Only  clonidine,  however,  successfully 
reduced  the  craving  for  a  cigarette.  Because  craving  tended  to 
increase  during  the  day,  the  difference  between  cloni(tine  and  the 
other  two  conditions  became  more  evident  as  the  day  progressed. 

Glassman  and  colleague  (1988)  reported  a  clinical  intervention 
study  with  clonidine  in  a  sample  of  71  smokers  who  consumed  at 
least  1  pack/day  and  who  had  made  at  least  one  previous  unsuccess- 
ful quit  attempt.  Each  smoker  began  taking  one  50-jjig  tablet  of 
clonidine  (N=33)  or  a  matched  placebo  (N=38)  at  least  3  days  before 

482 


a  designated  quit  date.  Dosage  was  increased  by  one  tablet  every  day 
(or  as  tolerated)  until  subjects  were  taking  four  tablets  by  the  quit 
date.  Subjects  were  seen  weekly  for  the  next  4  weeks.  After  4  weeks 
of  treatment,  clonidine  was  gradually  withdrawn  (50  ^ig  every  3  days 
over  an  aver£^e  of  12  dajrs).  Success  rates  both  at  the  end  of  4  weeks 
tin  clonidine  or  placebo  and  at  foUowup  6  months  after  discontin- 
uance of  medication  favored  clonidine.  At  6-month  foUowup,  27 
percent  of  the  subjects  receiving  clonidine  and  5  percent  of  those  on 
placebos  reported  abstinence.  An  unexpected  finding,  however,  was 
that  clonidine  appeared  to  be  effective  only  for  women;  among  malie 
subjects,  drug  treatment  did  not  significantly  affect  outcome. 

Before  any  recommendation  of  clonidine  as  an  adjunct  to  smoking 
cessation,  potentially  hazardous  side  effects  must  be  weighed  careful- 
ly. Clonidine  has  been  extensively  used  in  the  treatment  of  hyperten- 
sion. Abrupt  cessation  has  sometime  led  to  severe  hypertension  and 
in  rare  instances  to  hypertensive  encephalopathy  and  even  death. 
Far  more  common  is  sedation,  which  could  be  danjiefpus  if  individu- 
als use  this  drug  while  driving  or  operating  dangerous  machinery. 

It  is  interesting  to  compare  the  utility  of  clonidine  in  the 
treatment  of  tobacco  withdrawal  with  its  utility  in  the  treatment  of 
opioid  withdrawal  (Qiapter  V).  When  assessed  in  a  paradigm 
analogous  to  that  descritsed  for  tobacco  abstinence,  clonidine  was  as 
effective  as  morphine  in  reducing  certain  physiological  signs  of 
opioid  withdrawal  (Jasinski,  Johnson,  Kocher  1985).  However,  in  the 
study  by  Jasinski  and  colleagues,  clonidine  did  not  reduce  the  self- 
reported  **discomfort"  as  effectively  as  did  morphine  (measures  of 
**desire  to  use  narcotics"  or  narcotic-seeking  behavior  were  not 
collected). 

Treatment  of  Abstinence-Associated  Mood  Changes 

As  discussed  in  Chapter  VI,  nicotine  may  serve  as  a  regulator  of 
mood.  This  observation  suggests  that  for  certain  persons,  selective 
use  of  minor  tranquilizers,  antidepressants,  or  even  psychomotor 
stimulants  inay  be  beneficial  in  preventing  relapse.  Again,  issues  of 
possible  side  effects  and  drug  dependence  must  be  considered  before 
such  an  approach  would  be  recommended  in  clinical  prabtice. 

Laboratory  studies  with  human  subjects  have  shown  that  stressful 
situations  lead  to  increased  smoking  and  that  smoking  may  reduce 
smoker  distress  responses  to  stressful  stimuli  and  enhaiice  rep«>rted 
miood  (Gilbert  1979;  Golding  and  Mangan  1982;  Rose,  Ananda,  Jarvik 
1983).  Also,  relapse  to  cigarette  smoking  often  occurs  in  response  to 
stressful  situations  (Gunn  1983a;  Ockene  et  al.  1982;  Shiffman  1982; 
Marlatt  and  Gordon  1980;  Lichtenstein,  Glsisgow,  Abrams  1986). 
There  have  been  no  clinical  trials  in  which  the  targeted  use  of  more 
specific  anxiolytics  (e.g..,  benzodiazepines)  has  been  eyaluated  ih  the 
msdntenance  of  tobacco  abstinence.  The  only  study  involving  a 
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benzodiazepine  was  that  of  Glassman  and  associates  (1984),  who 
compared  alprazolam  with  clonidine  during  a  brief  abstinence. 

Nicotine  Blockade  Therapy 

Whereas  the  goal  of  both  replacement  therapies  and  sjmiptomatic 
treatments  is  to  relieve  withdrawal  by  mimicking  critical  effects  of 
the  drug  from  which  the  person  is  attempting  to  abstain,  blockade 
therapy  provides  no  such  potentially  rewarding  or  therapeutic  effect. 
Rather,  the  goal  of  blockade  therapy  is  to  reduce  or  eliminate  any 
rewarding  pharmacologic  effects  should  the  person  attempt  to 
resume  drug  use.  The  prototypical  blockade  therapy  is  that  used  in 
the  treatment  of  opioid  dependence  (Jaffe  1985).  The  long-acting 
opiate  antagonist  naltrexone  can  be  given  on  a  daily  basis  to  opioid 
abusers  to  prevent  them  from  experiencing  the  reinforcing  effects  of 
opioid  agonists.  Unfortunately,  only  about  5  percent  of  opioid- 
abusing  patients  are  willing  to  comply  with  such  a  therapeutic 
regimen.  Success  in  naltrexone  treatment  is  correlated  with  the 
following  characteristics:  the  patient  is  highly  motivated,  well 
adjusted  in  society,  and  has  a  steady  job  (Greenstein  et  al.  1983). 

Relapse  to  former  levels  of  cigarette  smoking  begins  with  the  first 
few  cigarettes  which  are  smoked.  If  smoking  levels  do  not  progress 
beyond  these  few  cigarettes,  the  incident  is  generally  referred  to  as  a 
"sHp"  (Shimiaker  and  Grunberg  1986).  Slips  can  lead  to  relapse 
because  they  provide  the  stimuli  which  were  important  in  mainte- 
nance of  the  smoking  behavior  in  the  first  place.  Because  nicotine 
itself  is  the  source  of  many  of  the  effects  which  are  sought  by 
cigarette  smokers  (Chapters  II,  IV,  and  VI),  blocking  the  effects  of 
nicotine  should  assist  in  the  prevention  of  relapse.  As  described  in 
Chapter  V,  such  an  approach  is  effective  in  preventing  relapse  to 
opioid  use  if  the  morphine-blocking  drug  (opioid  ante^nist)  is  taken 
(see  also  Greenstein  et  al.  1983). 

Pharmacologic  antagonists  of  nicotine,  the  administration  of 
which  could  diminish  a  variety  of  responses  to  nicotine,  have  been 
known  for  several  decades  (Domino  1979).  Those  antagonists  which 
act  both  centrally  and  peripherally  (mecamylamine),  but  not  those 
which  only  act  periphei^ally  (e.g.,  pentolinium  and  hexamethonium), 
appear  to  have  functional  effects  on  patterns  of  cigarette  smoking  in 
humans.  Central  antagonists  also  alter  the  behavioral  effects  of 
nicotine  (including  self-administration)  in  animals  (Henningfield 
1984;  Stolerman  1986). 

Preliminary  data  si^gest  the  possibility  that  mecamylamine  could 
be  used  as  an  antagonist  to  block  the  nicotine-mediated  reinforcing 
consequences  of  cigarette  smoking.  The  following  findings  are  of 
particular  relevance:  (1)  Mecamylamine  pretreatment  produces  a 
dose-related  blockade  of  the  ability  of  animals  and  humans  to 
discriminate  nicotine  from  a  placebo  (mecamylamine  is  injected  in 
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animals  and  administered  orally  to  humans)  (Rosecrans  and  Meltzer 
1981;  Stolerman  1986;  Henningfield  et  al.  1982),  (2)  mecamylamine 
pretreatment  diminishes  the  reinforcing  efficacy  of  intravenous 
nicotine  administration  in  animals  (Goldberg  et  al.  1983)  and 
possibly  in  humans  (Henningfield  and  Goldberg  1983),  (3)  mecamyla- 
mine pretreatment  increases  the  preference  for  high-nicotine-deliv- 
ering cigarette  smoke  (apparently  by  reducing  its  nicotinic  effects) 
when  subjects  are  tested  with  a  device  which  blends  smoke  from 
high-  and  low-nicotine-delivering  cigarettes  (Rose,  Sampson,  Hen- 
ningfield 1985),  and  (4)  mecamylamine  pretreatment  increases 
various  measures  of  cigarette  smoking  behavior  and  tobacco  smoke 
intake  when  subjects  are  allowed  to  freely  smoke  (Stolerman  et  al. 
1973;  Nemeth-Coslett  et  al.  1986;  Pomerleau,  Pomerleau,  Majchrzak 
1987).  Results  from  the  study  by  Pomerleau  and  colleagues  also 
suggested  that  the  toxicity  of  nicotine  exposure  was  reduced 
substantially  by  mecamylamine  pretreatment. 

In  one  clinical  trial,  Tennant,  Tarver,  and  Rawson  (1984)  attempt- 
ed to  determine  if  mecamylamine  could  be  used  safely  and  effica- 
ciously to  treat  cigarette  smoking.  Mecamylamine  was  given  to 
heavy  cigarette  smokers  in  conjunction  with  counseling  to  quit 
smoking.  Mecamylamine  reduced  tobacco  craving  in  13  of  14 
subjects,  and  half  of  the  subjects  quit  smoking  within  2  weeks  of 
initiation  of  mecamylamine  treatment.  The  mean  dose  of  mecamyla- 
mine at  the  time  of  quitting  was  26.7  mg/day.  Mecamylamine  was 
not  used  to  maintain  abstinence  as  naltrexone  is  used  for  opioid 
dependence.  Rather,  it  was  used  as  an  aid  to  initial  quitting.  In 
theory,  because  mecamylamine  blocks  the  effects  of  nicotine,  it 
should  precipitate  withdrawal  and,  therefore,  would  not  be  indicated 
for  acute  cessation.  Despite  this  theoretical  problem  and  the  lack  of 
placebo  controls  in  the  trial,  these  data  surest  that  nicotine 
blockade  warrants  further  exploration. 

The  main  obstacles  to  this  treatment  approach  are  the  ganglionic 
blocking  and  antihypertensive  effects  of  mecamylamine,  the  strong 
likelihood  of  considerable  difficulty  in  obtaining  adequate  therapeu- 
tic compliance,  and  conditioned  and  non-nicotine-mediated  reinforo- 
ers  of  tobacco  use  which  may  be  powerful  enough  to  sustain  urges  to 
smoke  even  when  they  are  no  longer  associated  with  the  pharmaco- 
logic effects  of  nicotine. 

Deterrent  Therapy 

Deterrent  therapy  is  based  on  the  premise  that  pretreatment  with 
an  agent  may  transform  smoking  from  a  rewarding  to  an  aversive 
behavior.  Disulfiram  treatment  of  alcoholism  provides  the  pharma- 
cologic analogy  for  this  form  of  treatment  (Chapter  V). 

With  regard  to  cigarette  smoking,  the  main  analog  to  disulfiram 
treatment  is  the  administration  of  silver  acetate.  Variants  on  this 
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method  have  been  marketed  for  over-the-counter  purchase  for  a 
number  of  years.  The  physiological  basis  of  the  approach  is  that 
sulfide  salts  are  produced  when  silver  acetate  contacte  the  sulfides  in 
tobacco  smoke.  The  resulting  silver  sulfides  are  extremely  distasteful 
for  most  people.  The  approach  is  not  specific  to  nicotine  intake,  but 
rather  to  sulfide-containing  smoke.  Most  recently,  a  gum  prepara- 
tion of  silver  acetate  has  been  tested  as  a  means  to  maintain 
abstinence  from  tobacco  smoking  (Malcolm,  Currey,  Mitchell,  Keil 
1986).  The  gum  must  be  chewed  upon  awakening  aiid  then  repeated- 
ly during  the  day  to  assist  in  abstinence,  because  a  single  piece  of 
gum  is  apparently  only  effective  for  a  few  hours.  Although  many 
over-the-counter  silver  acetate  smoking  remedies  are  available,  their 
efficacy  never  has  been  validated  scientifically. 

Conclusions 

In  evaluating  experimental  and  clinical  trials  involving  nicotine 
polacrilex  gum,  it  should  be  noted  that  actual  nicotine  intake  may 
have  been  significantly  1^  than  had  been  intended  or  reported  if 
there  were  not  systematic  procedures  to  standardize  administration 
(Benowitz  et  al.  1986;  Nemeth-Ojslett  et  al.  1987;  Chapters  11  and 
IV).  Criteria  for  the  determination  of  successful  outcome  in  nicotine 
replacement  studies  are  ambiguous.  It  is  unclear  how  to  interpret 
results  in  which  nicotine  replacement  is  significantly  more  effective 
than  a  placebo  at  6  months,  but  not  at  1  year  (Fagerstrom  1982a; 
Schneider  et  al.  1983).  Nicotine  replacement  may  be  effective  in 
facilitating  cessation  and  in  developing  early  resistance  to  relapse 
(withdrawal  symptoms,  reported  cravings  for  tobacco;  Harackiewicz 
et  al.  1987;  Hjalmarson  1984;  Hughes  et  al.  1984;  West  et  al.  1984a), 
but  may  not  have  residual  effects  that  prevent  relapse  (Chapter  IV). 

Overall,  the  outcomes  -of  experimental  and  clinical  trials  of 
nicotine  piolacrilex  gum  are  modeistly  encour£^ing,  at  least  for  short- 
term  results.  In  the  vast  majority  of  these  trials,  however,  nicotine 
polacrilex  gum  has  been  combined  with  additional  treatment 
components. 

The  combination  of  low  doses  (with  the  2-mg  gum),  poorly  defined 
criteria  for  self-administration,  comipliahce  problenis,  and  variable 
absorption  of  nicotine  from  polacrilex  giim  is  part  of  the  rationale  for 
the  development  of  alternative  replacement  strategies  (Pomerleau  et 
al.  1988).  At  the  same  time,  additional  work  with  nicotine  polacrilex 
gum  is  continuing  to  address  compliance  and  dosage  problems. 
Availability  of  a  4-mg  preparation  might  be  useful  for  highly 
tbbacco-dependent  individuals.  Bittle  clinical  application  of  other 
replacement  strat^es  has  been  reported  to  date.  Alternative  forms 
of  nicotine  replacement  should  help  to  determine  the  relative  roles  of 
nicotine  and  sensory/ritual  phenomena  in  compulsive  tobacco  Use 
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and  improve  the  therapeutic  effectiveness  of  nicotine  replacement 
strategies. 

The  precedent  for  the  use  of  pharmacologically  based  therapies  to 
help  establish  and  maintain  abstinence  from  tobacco  products  is  the 
use  of  similar  kinds  of  techniques  to  treat  other  substance-use 
disorders.  It  should  be  noted,  however,  that  some  variant  on  each  of 
the  pharmacol(^c  treatment  approaches  described  in  this  review 
has  been  applied  to  other  forms  of  substance  abuse,  but  with  limited 
success.  Individual  differences  are  very  important.  Some  smokers 
appear  to  be  much  more  dependent  upon  the  pharmacologic  proper- 
ties of  nicotine  (both  withdrawal  relief  and  positive  mood  enhance- 
ment) than  are  others  (Chapters  IV  and  VI).  The  efficacgr  of 
pharmacologic  intervention  may  be  limited  by  the  extent  to  which 
the  substance-seeking  behavior  and  the  desired  effects  have  become 
functionally  autonomous  from  the  drug  itself.  This  problem  is  not 
unique  to  tobacco  (Henningfield  and  Brown  1987),  It  is  known  that 
treating  opiate  users  involves  considerably  more  than  blocking 
physiological  withdrawal;  an  entire  lifestyle  may  require  change 
(Grabowski  and  Hall  1985;  Bigelow,  Stitzer,  Liebson  1986). 

Behavioral  Treatment  Strategies 

Pharmacologic  strategies  may  have  a  useful  role  in  alleviating 
withdrawal  symptoms  or  in  blocking  gratification  typically  derived 
from  smoking,  but  these  agents  do  not  address  conditioned  cues  and 
reinforcers  or  the  social  context  of  tobacco  use.  Effective  treatment 
of  the  dependent  smoker  requires  behavioral  intervention  in  addi- 
tion to  any  pharmacologic  agents  that  might  be  administered. 
Research  generally  indicates  that  pharmacologic  intervention  is 
most  effective  when  applied  in  a  context  that  includes  social  support 
and  skills  training  (Fagerstrom  1988;  Hall,  Ginsberg,  Jones  1986). 
Furthermore,  behavioral  intervention  may  also  be  useful  in  increas- 
ing adherence  to  pharmacologic  treatment  procedures  (Epstein  and 
Cluss  1982). 

Behavioral  interventions  have  been  applied  in  treating  dependent 
smokers  for  many  years.  This  Section  will  provide  an  overview  of 
that  research,  with  an  emphasis  upon  current  approaches.  The 
review  of  the  literature  is  necessarily  both  selective  and  limited.  A 
major  review  in  a  previous  Report  of  the  Surgeon  General  (US 
DHEW  1979)  listed  452  references.  Schwartz  (1987)  prepared  a 
comprehensive  monograph  reviewing  smoking  cessation  in  the 
United  States  and  Canada.  Although  he  focused  upon  the  period 
1978-85,  he  included  883  references.  As  noted  above,  some  topics  are 
deliberately  either  excluded  or  minimized  because  they  have  re- 
ceived extensive  coverage  in  recent  Reports.  These  topics  include 
physician  intervention,  community  trials,  and  worksite  smoking 
programs.  Excellent  reviews  of  other  approaches  such  as  self-help 
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and  use  of  the  mass  media  are  available  elsewhere  (Flay  1985a; 
Schwartz  1987).  These  methods  are  not  considered  in  the  current 
Report.  It  is  recognized,  however,  that  self-help,  mass  media, 
physician,  worksite,  and  community  interventions  can  have  critical 
impact  in  overall  public  health  initiatives  designed  to  address  the 
smoking  problem.  The  vast  majority  of  smokers  who  have  quit  to 
date  have  done  so  in  the  absence  of  formal  treatment. 

Schwartz  (1987)  compiled  a  summary  table  listing  quit  rates  of  416 
smoking  cessation  trials  by  method.  This  Table  is  reprinted  here  as 
Table  2.  The  Table  provides  overall  outcomes  for  a  number  of 
different  intervention  techniques.  As  discussed  by  Schwartz,  how- 
ever, considerable  caution  is  needed  in  interpreting  these  data. 
Methodology  in  the  various  studies  is  uneven.  Many  studies  suffered 
from  deficient  foUowup  procedures  and  from  an  exclusive  reliance 
upon  subject  self-reports.  Noteworthy  perhaps  is  the  difference  in 
outcome  between  nicotine  polacrilex  gum  trials  using  gum  alone  and 
those  combining  nicotine  polacrilex  gum  with  behavioral  interven- 
tion. Reported  outcomes  for  programs  including  multiple  compo- 
nents (40  percent  1-year  median  abstinence)  are  encouraging.  The 
relative  success  achieved  by  cardiac  patients  indicates  that  treat- 
ments delivered  at  the  time  of  a  health  crisis  may  be  especially 
effective. 

Aversion  Procedures 

Aversive  strategies  have  involved  pairing  smoking  with  unpleas- 
ant imagery  scripts  (covert  sensitization),  with  electric  shock,  or  with 
the  unpleasant  effects  produced  by  smoking  itself  (directed  smoking 
procedures).  All  these  techniques  are  designed,  at  least  in  part,  to 
create  aversions  to  cigarette  smoke — affective  reactions  character- 
ized by  distaste,  disgust,  fear,  or  displeasure.  The  presumption  is  that 
such  reactions  will  reduce  the  incentive  to  smoke.  A  wide  variety  of 
directed  smoking  strategies  have  been  used.  These  include  satiation, 
rapid  smoking,  and  focused  smoking. 

Satiation 

In  this  procedure  cigarette  consumption  is  dramatically  increased 
prior  to  attempted  abstinence.  Smokers  typically  are  asked  to  at 
least  double  their  smoking  intake.  Despite  promising  early  results 
(60  percent  abstinence  at  4-month  foUowup,  N=40;  Resnick  1968), 
satiation  procedures  by  themselves  do  not  produce  effects  greater 
than  those  of  attention/placebo  interventions  (Claibom,  Lewis, 
Humble  1972;  Lando  1975;  Sushinsky  1972). 

In  its  most  recent  application,  satiation  has  been  used  in  multi- 
component  programs  (Best,  Owen,  Trentadue  1978;  Lando  1977),  in 
which  its  contribution  to  outcomes  has  been  difficult  to  ascertain. 
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Lando  (1982)  conducted  a  dismantling  strategy  in  which  he  attempt- 
ed to  isolate  the  specific  contributions  of  individual  treatment 
components  to  gauge  the  relative  contribution  of  satiation  to  a 
multicomponent  treatment.  By  itself  satiation  produced  dismsd 
results  (15  percent  1-year  abstinence,  N=13).  When  satiation  has 
been  incorporated  into  multicomponent  treatments  that  mclude 
maintenance,  1-year  followup  results  have  approached  50  percent 
(Lando  and  McGovern  1985).  Lando  (1986)  has  suggested  that 
satiation  represents  a  plausible  preparation  strategy  for  quitting. 
However,  there  is  little  evidence  that  satiation  results  in  an  aversion 
to  cigarettes  (Baker  et  al.  1984;  Tiffany,  Martin,  Baker  1986). 

Rapid  Smoking 

Rapid  smoking  typically  requires  smokers  to  inhale  cigarette 
smoke  every  6  sec  until  they  reach  the  point  that  they  would  become 
ill  if  they  were  to  continue.  Whereas  early  interventions  varied  the 
number  of  rapid  smoking  sessions  to  fit  client  needs  (Lichtenstein  et 
al.  1973),  more  recent  applications  have  tended  to  use  standardized 
regimens  involving  six  to  eight  sessions  (Erickson  et  al.  1983;  Hall, 
Rugg  et  al.  1984). 

Multicomponent  programs  including  rapid  smoking  generally 
jdeld  good  outcomes,  but  when  used  by  itself,  rapid  smoking 
continues  to  yield  variable  results.  Raw  and  Russell  (1980)  found 
that  rapid  smoking,  cue  exposure,  and  group/therapist  support  all 
produced  poor  outcomes  when  used  separately  (only  1  of  16  (6 
percent)  rapid  smoking  subjects  was  abstinent  at  1  year).  Similarly 
discouraging  results  have  been  reported  by  Poole,  Sanson-Fisher, 
and  German  (1981)  and  by  Corty  and  McFall  (1984).  In  contrast.  Hall 
and  associates  have  consistently  obtained  high  rates  of  success  (50 
percent  6-month  abstinence  levels)  using  rapid  smoking  alone,  both 
with  normal  volunteers  (Hall,  Sachs,  Hall  1979)  and  medical  patients 
(Hall,  Sachs  et  al.  1984). 

Hall,  Sachs,  and  colleagues  (1984)  observed  that,  in  contrast  to 
many  recent  applications  of  rapid  smoking,  their  procedure  was 
similar  to  that  of  early,  successful  rapid-smoking  interventions 
(Lichtenstein  et  al.  1973).  Their  procedure  involved  (a)  a  single  client 
format,  (b)  a  warm  client-therapist  relationship,  (c)  positive  expecta- 
tions of  success,  (d)  individualized  scheduling,  (e)  office  rather  than 
home  treatment,  and  (f)  warnings  against  smoking  outside  of 
therapy  sessions  (Danaher  1977).  However,  Hall's  research  involved 
either  elaborate  physiological/medical  assessment  (Hall,  Sachs,  Hall 
1979)  or  the  use  of  medical  patients  as  subjects  (Hall,  Sachs  et  al. 
1984).  Either  of  the  latter  two  factors  could  have  enhanced  the 
effectiveness  of  rapid  smoking.  At  this  point,  the  weight  of  evidence 
suggests  that  rapid  smoking  by  itself  can  have  a  substantial 
immediate  impact  on  cessation  (Poole,  Sanson-Fisher,  German  1981). 
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The  long-term  effects  of  rapid  smoking  do  not  appear  to  be  sufficient 
by  themselves  to  prevent  relapse.  Hall's  results  surest  that  rapid- 
smoking  effectiveness  is  greatly  influenced  by  auxiliary  treatment 
elements  such  as  a  warm  interpersonal  atmosphere,  positive  expec- 
tations, and  admonitions  regarding  smoking. 

Multicomponent  prc^ams  involving  rapid  smoking  have  general- 
ly obtained  reasonably  high  long-term  cessation  rates,  i.e.,  40  percent 
abstinence  at  6  to  12  months  posttreatment  (Brandon,  Zelman, 
Baker,  in  press;  Erickson  et  al.  1983;  Hall,  Rugg  et  al.  1984;  Tiffany, 
Martin,  Baker  1986).  The  relative  success  of  multicomponent  pro- 
grams comprising  rapid  smoking  has  been  noted  by  earlier  reviewers 
(Lichtenstein  1982;  Pechacek  1979).  Considerable  research  has  been 
conducted  to  characterize  the  nature  of  the  processes  subserving 
rapid-smoking  effectiveness.  One  approach  to  this  problem  is  to 
determine  whether  rapid  smoking  results  in  a  conditioned  aversive 
response.  In  this  regard,  researchers  have  demonstrated  that  after 
rapid  smoking,  individuals  show  a  conditioned  tachycardia  to 
cigarettes.  The  magnitude  of  this  tachycardiac  response  is  increased 
when  the  aversive  smoking  procedure  produces  intense  gastrointesti- 
nal discomfort.  The  magnitude  of  this  response  is  positively  related 
to  relapse  latency — ^the  greater  the  tachycardiac  response,  the  longer 
smokers  take  to  relapse  (Erickson  et  al.  1983;  Tiffany,  Martin,  Baker 
1986).  The  similarity  of  these  results  to  those  found  with  chemical 
aversion  treatments  of  alcoholism  (Baker,  Cannon  et  al.  1984; 
Cannon  et  al.  1986)  suggests  that  part  of  the  success  of  rapid  smoking 
may  be  due  to  taste  aversion  learning.  Thus,  some  aversion  indices 
may  constitute  rare  examples  of  therapy  process  measures  that  are 
predictive  of  treatment  success.  Previous  attempts  to  assess  aversion 
acquisition  may  have  jdelded  inconsistent  findings  because  the 
investigators  attempted  to  relate  clinical  outcomes  to  unconditioned 
stimulus  magnitude  (e.g.,  number  of  cigarettes  smoked  in  aversion 
sessions)  or  to  unconditioned  response  magnitude  (rapid-smoking- 
induced  malaise)  rather  than  to  conditioned  response  magnitude 
(e.g.,  the  cardiac  response  elicited  by  the  taste  of  cigarettes;  Glasgow 
et  al.  1981;  Norton  and  Barske  1977;  Merbaum,  Avimier,  Goldberg 
1979;  Russell,  Epstein,  Dickson  1983). 

Reduced-Aversion  Techniques 

Some  investigators  have  compared  rapid  smoking  and  alternative 
low-aversion  treatments  for  their  abilities  to  enhance  the  effective- 
ness of  a  behavioral  counseling  or  self-management  treatment. 
Focused  smoking,  in  which  the  person  smokes  for  a  sustained  period 
but  at  a  slow  or  normal  rate,  and  rapid  puffing,  in  which  a  person 
smokes  rapidly  but  does  not  inhale,  often  are  used  as  comparison 
conditions  in  order  to  permit  assessment  of  specific  effects  of 
aversion  (Danaher  et  al.  1980;  Erickson  et  al.  1983;  Hall,  Rugg  et  al. 
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1984).  While  these  treatments  are  unpleasant,  they  differ  from  rapid 
smoking  in  that  they  do  not  elicit  the  dysphoria  produced  by  rapid 
smoking  and  they  are  less  risky  (Erickson  et  al.  1983;  Glasgow  et  al. 
1981;  Tiffany,  Martin,  Baker  1986).  Most  research  suggests  that 
these  alternative  treatments  produce  long-term  outcomes  that  are 
quite  similar  to,  or  just  moderately  lower  than,  those  produced  by 
rapid  smoking  (Danaher  et  al.  1980;  Erickson  et  al.  1983;  Hall,  Rugg 
et  al.  1984;  Powell  and  McCann  1981;  Tiffany,  Martin,  Baker  1986). 
Moreover,  research  shows  that  these  treatments  do  not  produce  the 
conditioned  cardiac  response  produced  by  rapid  smoking.  Thus,  these 
treatments  probably  produce  their  effects  through  routes  other  than 
aversion  conditioning.  That  low-aversion  treatments  produce  effects 
comparable  to  those  of  rapid  smoking  indicates  that  aversion 
acquisition  per  se  is  not  essential  to  successful  treatment  outcome. 
Other  active  components  might  be  habituation  to  cigarettes,  with- 
drawal reduction  due  to  nicotine  intake,  and  removal  of  control  over 
smoking. 

There  has  been  concern  about  the  possible  effects  of  rapid  smoking 
on  the  cardiovascular  system.  Horan  and  coworkers  (1977)  reported 
that  rapid  smoking  produced  elevations  in  blood  pressure,  heart  rate, 
and  carboxyhemoglobin  levels  as  well  as  electrocardiographic  abnor- 
malities. Lichtenstein  and  Glasgow  (1977)  provided  recommenda- 
tions for  screening  and  subject  selection.  Recent  research  suggests 
that  the  rapid-smoking  procedure  is  fairly  safe  when  used  with 
healthy  adults  screened  for  such  conditions  as  cardiovascular 
disease,  diabetes,  chronic  obstructive  pulmonary  disease,  seizure 
disorder,  and  hypertension  (Hall,  Sachs,  Hall  1979;  Sachs  et  al.  1979). 
Rapid  smoking  has  been  used  safely  even  with  medical  populations 
(cardiac  and  pulmonary  patients)  in  the  presence  of  close  medical 
supervision  (Hall,  Sachs  et  al.  1984).  However,  given  that  in  the 
context  of  multicomponent  programs  focused  smoking  and  rapid 
puffing  yield  results  roughly  comparable  to  those  of  rapid  smoking, 
there  appears  to  be  little  need  to  use  rapid  smoking  with  at-risk 
populations  (e.g.,  cardiac  and  pulmonary  patients). 

Aversion  therapies  for  smoking  are  constrained  by  some  of  the 
same  limitations  that  apply  to  the  use  of  aversion  therapies  for  other 
forms  of  substance  seeking.  The  aversions  are  rarely  permanent,  and 
the  aversive  conditioning  is  less  effective  in  attempts  to  establish  an 
aversion  to  substances  that  have  had  a  history  of  repeated  use. 

Relaxation  Training 

Progressive  relaxation  is  a  popular  treatment  for  anxiety-related 
disorders  (Haugen,  Dixon,  Dickel  1958).  As  noted  previously,  smok- 
ers often  report  smoking  to  cope  with  anxiety  and  stress  (Chapter 
VI).  A  large  proportion  of  smoking  relapses  occurs  during  negative 
emotional  states  (Brandon,  Tiffany,  Baker  1986;  Marlatt  and  Gordon 
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1980;  Shiffman  1982).  In  theory,  relaxation  training  should  provide 
smokers  with  a  means  other  than  smoking  for  coping  with  stress  and 
negative  emotion.  In  a  nontreatment  experiment,  relaxation  was 
found  to  reduce  levels  of  smoking  in  the  face  of  external  stress 
(Dobbs,  Strickler,  Maxwell  1981).  Today,  relaxation  is  rarely  used  as 
a  sole  treatment  and  is  instead  incorporated  into  multicomponent 
behavioral  skills  training  programs  (Erickson  et  al.  1983;  Hall,  Ri^g 
et  al.  1984;  Hall  et  al.  1985;  O'Connor  and  Stravynski  1982;  Tiffany, 
Martin,  Bak^r  1986);  it  may  best  be  conceptualized  £is  one  of  many 
possible  stress-coping  skills  taught  to  clients.  Poole,  Sanson-Fisher, 
and  German  (1981)  found  that  relaxation  training  did  not  improve 
the  outcome  of  a  rapid-smoking  treatment.  Seventy-five  subjects 
were  assigned  to  rapid  smoking  only;  rapid  smoking  and  relaxation 
training;  rapid  smoking,  relaxation,  and  contingency  contracting;  or 
contingent  rapid  smoking.  In  none  of  these  conditions  did  1-year 
abstinence  exceed  25  percent. 

Contingency  Contracting 

Operant  conditioning  techniques  have  been  used  in  smoking 
treatments  to  reward  clients  for  not  smoking  and/or  to  punish  them 
for  smoking.  The  usual  procedure  is  to  collect  monetary  deposits 
from  clients  early  in  treatment  with  periodic  repayments  contingent 
on  client  achievement  of  abstinence  goals.  Variations  include  having 
the  client  pledge  to  donate  money  to  a  disliked  organization  or 
individual  for  eyery  cigarette  smoked,  or  contracting  for  nonmone- 
tary rewards  and  punishnients  based  on  smoking  status  (Lando  1977; 
Tiffany,  Martin,  Baker  1986). 

The  rationale  behind  contracting  techniques  is  that  they  may 
bolster  commitment  to  abstinence  by  providing  contingent  concrete 
rewards.  Contracts  are  in  effect  until  withdrawal  has  abated  and  the 
individual  has  had  an  opportunity  to  begin  alternative,  nonsmoking 
activities  that  may  be  rewarding.  Murray  and  Hobbs  (1981)  com- 
pat-ed  the  effects  of  self-reinforcement  ($1  reward  per  day  for 
meeting  smoking  reduction  goal),  self-punishment  ($1  forfeited  for 
not  meeting  goal),  combined  self-reward  and  self-punishment,  and 
self-monitoring  alone  on  cessation.  They  found  that  only  self-punish- 
ment  led  to  improved  outcomes:.  11  of  20  subjects  (55  percent)  in  the 
two  self-punishment  conditions  reached  abstinence  versus  only  1  of 
20  subjects  (5  percent)  in  the  other  two  conditions.  Three  years 
posttreatment,  25  percent  of  self-punishment  subjects  still  reported 
abstinence.  A  small  sample  size  and  reliance  on  self-report,  however, 
indicate  the  need  for  caution  in  interpreting  these  findings. 

■Paxton  (1980)  compared  multicomponent  behavioral  interventions 
with  and  without  contingency  contracting  (weekly  repayments  if 
subjects  were  abstinent)  and  found  that  contracting  significantly 
improved  maintenance  of  abstinence,  but  only  during  the  8  weeks  of 
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repayment.  The  end  of  the  repayment  schedule  was  followed  by  a 
sharp  increase  in  relapse,  and  no  subsequent  difference  between 
conditions  was  found.  Overall  abstinence  at  6-month  foUowup  was  42 
percent  (25  of  60  subjects).  Bowers,  Winett,  and  Frederiksen  (1987) 
also  reported  that  extended  contingency  contracting  delayed  and 
decreased  relapse,  but  they  did  not  report  abstinence  rates.  In  a 
variation  of  the  contracting  procedure,  Stitzer  and  Bigelow  (1982) 
provided  contingent  payments  of  $5  to  subjects  for  reducing  carbon 
monoxide  (CO)  levels  by  50  percent.  Other  attempts  to  increeise  the 
effectiveness  of  contingency  contracts  by  manipulating  the  length, 
frequency,  or  amount  of  repayment  or  the  frequency  or  size  of 
deposits  have  largely  been  imsuccessful  (Paxton  1981,  1983).  Yet 
when  it  is  part  of  a  multicomponent  program,  contingency  contract- 
ing appears  to  aid  smoking  cessation,  at  least  over  the  short  term. 

Social  Support 

Attempts  to  capitalize  on  the  effects  of  social  support  in  treatment 
settings  have  met  with  mixed  results.  Hamilton  and  Bernstein  (1979) 
developed  a  package  that  included  a  buddy  system  among  group 
members  and  public  announcements  of  client  successes  at  quitting 
smoking.  When  this  package  was  appended  to  a  behavioral  treat- 
ment program,  it  significantly  increased  abstinence  rates  compared 
with  those  for  behavioral  treatment  alone  both  at  treatment 
termination  (55  vs.  27  percent)  and  during  the  6  months  of  foUowup 
(27  vs.  9  percent;  N=12  in  each  of  these  two  conditions).  Etringer, 
Gregory,  and  Lando  (1984)  were  able  to  improve  smoking  treatment 
outcome  over  the  short  term  by  emphasizing  group  cohesion. 
Mclntyre-Kingsolver,  Lichtenstein,  and  Mermelstein  (1986)  exam- 
ined the  effects  of  including  clients'  spouses  in  a  smoking  cessation 
program  and  teaching  them  how  to  be  supportive  of  the  clients' 
quitting  attempts.  At  the  end  of  treatment,  73  percent  of  clients  in 
the  spouse-training  condition  (total  N=33)  were  abstinent  compared 
with  only  48  percent  in  the  condition  without  spouse  training  (total 
N=31).  This  difference  failed  to  reach  significance,  however,  and 
diminished  during  foUowup.  In  another  study,  the  outcome  of  a 
worksite-controlled  smoking  program  was  not  affected  by  encourag- 
ing the  social  support  of  quitting  coworkers  (Malott  et  al.  1984). 
Lichtenstein,  Glasgow,  and  Abrams  (1986)  summarized  the  results  of 
five  recent  smoking  cessation  studies  from  three  separate  research 
programs  (including  Mclntyre-Kingsolver,  Lichtenstein,  and  Mer- 
melstein (1986)  and  Malott  and  coworkers  (1984)).  Results  generally 
indicated  a  positive  relationship  between  measures  of  social  support 
and  treatment  outcome.  However,  specific  attempts  to  improve 
outcome  by  enhancing  social  support  were  uniformly  unsuccessful. 
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Coping  Skills  Training 

The  value  of  coping  skills  training  is  suggested  by  evidence  that 
smokers  who  use  cognitive  and/or  behavioral  coping  responses  when 
they  are  tempted  to  smoke  reduce  their  likelihood  of  relapsing 
(Shiffman  1984a).  The  rationale  for  coping  skills  training  of  tobacco- 
dependent  individuals  is  similar  to  that  for  such  training  in  other 
forms  of  drug  dependence.  Alternative  behavioral  repertoires  are 
developed  that  help  to  maintain  comfortable,  satisfactory  function- 
ing in  the  absence  of  drugs  (Grabowski  and  Hall  1985;  Jasinski  and 
Henningfield  1987). 

Examples  of  behavioral  coping  responses  are  distracting  activities, 
escape  from  a  stressor,  relaxation,  and  physical  activity.  Cognitive 
coping  may  involve  reminding  oneself  of  the  benefits  of  quitting  or 
the  negative  consequences  of  smoking  or  simply  telling  oneself  that 
smoking  is  not  an  option.  Coping  responses  may  be  directed  either  at 
the  smoking  temptation/urge  itself  or  at  a  precipitating  stressor 
(Wills  and  Shiffman  1985). 

Coping  skills  training  is  generally  used  in  cessation  research  as 
part  of  multicomponent  treatments  (Brandon,  Zelman,  Baker,  in 
press;  Davis  and  Glares  1986;  Erickson  et  al.  1983;  Hall,  Rugg  et  al. 
1984;  Tiffany,  Martin,  Baker  1986).  There  is  considerable  variation, 
however,  in  the  specific  coping  skills  taught,  in  the  strategies  used  to 
teach  them,  and  in  the  names  given  to  the  treatment.  Coping  skills 
training  appears  to  be  effective  in  enhancing  short-term  outcomes, 
especially  when  combined  with  an  aversive-smoking  procedure.  The 
long-term  effects  are  less  clear.  This  strategy  has  thfe  potential  for 
maintaining  changes  in  smoker  behavior  because,  presumably,  once 
the  skills  are  learned  they  may  be  used  long  after  treatment  has 
terminated.  Nevertheless,  in  studies  of  maintenance  of  abstinence, 
results  are  mixed  but  generally  negative  (Glasgow  and  Lichtenstein 
1987).  These  generally  negative  results  may  be  a  function  of  the 
diversity  of  treatments  in  which  coping  skills  training  is  incorporat- 
ed and  of  inadequate  compliance  with  coping  skills  techniques. 
Adherence  to  coping  skills  instructions  should  be  monitored  more 
closely.  Hall,  Rugg,  and  colleagues  (1984)  found  that  the  outcome 
differences  between  coping  skills  and  discussion  conditions  were  seen 
only  in  clients  who  smoked  20  or  fewer  cigarettes/day.  It  should  be 
noted,  however,  that  the  outcome  differences  were  computed  for  the 
number  of  cigarettes  smoked  per  day  and  not  for  al^tinence  rat^. 
Coping  skills  training  may  be  most  effective  for  certain  subpopula- 
tions  of  smokers,  such  as  less-dependent  smokers  (Hall,  Rugg  et  al. 
1984;  Hall  et  al.  1985)  who  smoke  primarily  to  cope  with  emotional 
stress  (O'Connor  and  Stravynski  1982). 
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Stimulus  Control 

Stimulus  control  treatments  are  based  on  the  assumption  that  a 
wide  variety  of  environmental  cues  are  associated  with  and  serve  to 
tr^ger  smoking.  A  gradual  reduction  in  smoking  is  accomplished  by 
having  clients  progressively  eliminate  situations  in  which  they 
smoke.  In  some  cases,  temporal,  rather  than  situational,  constraints 
upon  smoking  are  instituted  (e.g.,  the  individual  is  permitted  to 
smoke  only  on  the  half  hour;  Shapiro  et  al.  1971).  In  theory,  a 
gradual  reduction  in  smoking  should  result  in  a  weaker,  more 
manageable  withdrawal  syndrome. 

Stimulus  control  procedures  generally  have  produced  weak,  trsm- 
sient  results  when  used  alone  and  have  been  of  questionable  value 
when  combined  with  other  self-management  techniques  (Lando 
1978).  In  more  recent  studies  stimulus  control  has  been  used 
primarily  as  an  element  in  multicomponent  programs  in  which  its 
effectiveness  is  difficult  to  ascertain  (Best,  Owen,  Trentadue  1978; 
CoUetti  and  Kopel  1979;  CoUetti,  Supnick,  Rizzo  1982;  Karol  and 
Richards  1981;  Lando  1982;  Rabkin  et  al.  1984). 

Nicki,  Remington,  and  MacDonald  (1984)  added  a  stimulus  control 
component,  which  was  designed  to  maximize  client  selfnefficacy 
(Bandura  1977a),  to  a  nicotine  fading  treatment.  The  combined 
treatment  produced  a  5-month  abstinence  rate  of  over  50  percent— 
twice  that  of  the  fading  procedure  alone.  This  level  of  success  is 
unusual  in  research  on  stimulus  control  techniques  and  may  be  due 
to  the  self-efficacy  manipulation  rather  than  stimulus  control  per  se. 
Also,  as  is  true  for  so  much  of  the  smoking  cessation  literature,  the 
small  sample  size  used  by  Nicki  and  coUes^es  (fewer  than  15 
subjects  per  condition)  requires  that  their  results  be  interpreted 
cautiously. 

Nicotine  Fading 

Nicotine  fading  (or  brand  switching)  is  based  on  a  straightforward 
pharmacologic  rationale.  The  intensity  of  the  withdrawal  syndrome, 
including  both  physical  and  psychological  discomfort,  can  be  reduced 
when  the  dependence-producing  drug  is  gradually  withdrawn  (at 
least  within  certain  limits).  The  procedure  generally  involves  clients 
monitoring  their  nicotine  consumption  while  switching  (in  three  to 
six  stages)  to  cigarette  brands  with  progressively  lower  rated  tar  and 
nicotine  deliveries,  and  then  quitting  completely.  Chapter  V  sup- 
ports this  approach  for  drugs  other  than  nicotine,  and  Chapter  IV 
indicates  this  for  nicotine  as  well.  Foxx  and  Brown  (1979)  specifically 
assumed  that  nonabstinent  nicotine  fading  subjects  would  benefit 
from  continued  smoking  of  low-tar  and  low-nicotine  brands.  In  this 
study  as  well  as  in  more  recent  nicotine  fading  studies,  actual 
nicotine  dose  levels  have  been  uncontrolled.  At  least  some  compensa- 
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tion  is  likely  to  be  occurring,  and  nicotine  reduction  is  undoubtedly 
significantly  less  pronounced  than  would  be  expected  based  upon 
machine-rated  nicotine  jdelds  (McMorrow  and  Foxx  1983). 

The  treatment  is  based  primarily  on  the  idea  that  a  gradual 
phaseout  of  smoking  will  minimize  nicotine  withdrawal  symptoms. 
Nicotine  fading  can  be  viewed  as  an  alternative  to  "cold  turkey" 
quitting.  However,  to  the  extent  that  actual  nicotine  intake  is  not 
decreased  or  is  decreased  only  minimally  (Benowitz  et  al.  1983),  this 
procedure  might  more  appropriately  be  viewed  as  an  additional 
preparation  method  for  abrupt  cessation.  Furthermore,  even  when 
nicotine  intake  is  decreased,  thereby  potentially  reducing  physiologi- 
cal dependence,  postcessation  cravings  may  be  relatively  unaffected. 
These  continued  cravings  can  be  important  in  leading  a  newly 
abstinent  individual  to  relapse.  Lando  and  McGovem  (1985)  suggest- 
ed that  self-efficacy  is  increased  by  allowing  clients  to  experience  a 
series  of  successes  (in  reducing  apparent  nicotine  intake)  prior  to 
quitting. 

Nicotine  fading  should  be  distinguished  from  gradual  reduction 
procedures  in  which  smokers  are  instructed  to  progressively  reduce 
their  number  of  cigarettes.  Procedures  that  emphasize  progressive 
reductions  in  the  number  of  cigarette  generally  have  been  ineffec- 
tive. Smokers  typically  report  that  the  remaining  cigarettes  are 
more  reinforcing.  Furthermore,  they  often  reach  a  "stuck  point" 
beyond  which  additional  reduction  does  not  occur  (Levinson  et  al. 
1971). 

A  preliminary  study  by  Foxx  and  Brown  (1979)  assessed  a 
combination  of  nicotine  fading  and  self-monitoring,  nicotine  fading 
alone,  self-monitoring  alone,  and  a  modified  American  Cancer 
Society  clinic  program.  Results  at  18-month  foUowup  favored  the 
combined  nicotine  fading  and  self-monitoring  procedure  (4  of  10 
subjects  or  40  percent  were  abstinent  in  this  condition  as  opposed  to 
no  more  than  10  percent  of  the  subjects  in  any  of  the  other  three 
conditions).  In  several  other  studies,  however,  nicotine  fading  and 
self-monitoring  produced  less  encouraging  results  (Beaver,  Brown, 
Lichtenstein  1981;  Brown  et  al.  1984;  Foxx  and  Axelroth  1983;  Nicki, 
Remington,  MacDonald  1984).  Lando  and  McGovern  (1985)  added  a 
S3^tematic  behavioral  maintenance  procedure  to  nicotine  fading 
with  disappointing  results  (only  8  of  42  or  19  percent  of  subjects 
assigned  this  procedure  were  abstinent  at  1-year  followup).  Lando 
(1987)  obtained  somewhat  more  positive  findings  for  a  treatment 
including  nicotine  fading  and  behavioral  maintenance  (35  percent 
abstinence  at  12-month  followup).  However,  nicotine  fading  subjects 
in  this  study  were  self-selected. 

Results  for  nicotine  fading  in  a  field  application  (community 
rather  than  laboratory  setting,  lay  rather  than  professional  group 
leaders)  have  been  encouraging  (Lando  1986).  Participants  were 
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given  a  choice  of  preparation  strategy  (satiation  or  nicotine  fading). 
Approximately  80  percent  elected  the  nicotine  fading  procedure. 
Outcomes  for  nicotine  fading  and  satiation  treatments  were  virtually 
identical.  Survival  analyses  performed  on  field  data  for  several 
hundred  participants  yielded  a  projected  permanent  smoking  cessa- 
tion rate  of  32  percent.  This  projection  was  based  on  relapse  curves 
from  3-  to  5-year  followup  data.  The  choice  of  preparation  strategy 
may  be  effective  in  enhancing  both  compliance  and  outcome. 

There  is  also  some  evidence  that  nicotine  fading  may  be  useful  in 
minimal  intervention  programs  (Prue  et  al.  1983;  Scott  et  al.  1986).  A 
strategy  similar  to  nicotine  fading  involves  the  use  of  progressively 
stronger  graduated  filters  (Martin  et  £d.  1981).  Hymowitz,  Lasser, 
and  Safirstein  (1982)  found  low  abstinence  rat^  with  this  method 
and  also  continued  use  of  the  filters  by  few  nonabstinent  smokers 
after  the  end  of  treatment.  Improved  outcomes  might  occur  if  filters 
are  more  systematically  linked  with  multifaceted  behavioral  inter- 
vention. 

Controlled  Smoking 

Controlled-smoking  programs  have  been  developed  to  treat  smok- 
ers who  are  unable  or,  unwilling  to  quit  completely.  This  approach  is 
based  in  part  on  the  assumption  that  reduced  smoking  will  be 
associated  with  diminished  health  risk.  The  protots^pical  program 
attempts  to  decrease  risk  by  reducing  cigarette  consumption,  alter- 
ing smoking  inhalation  patterns  (e.g.,  number  of  pufTs,  duration  of 
puffs,  CO  intake),  and  minimizing  the  tar  and  nicotine  content  of 
cigarettes  (e.g.,  nicotine  fading).  A  key  is  to  change  multiple  aspects 
of  the  smoking  behavior  to  minimize  compensation. 

Stimulus  control  procedures  may  also  be  used  (Glasgow,  Klesges, 
Vasey  1983).  In  addition,  clients  may  be  taught  coping  skills  to  use  as 
substitutes  for  smoking  (Frederiksen  1979).  Controlled-smoking 
treatments  have  produced  reductions  of  at  least  50  percent  in  the 
rated  nicotine  content  of  cigarettes  smoked,  with  more  modest 
reductions  in  reported  numbers  of  cigarettes,  the  percentage  of  each 
cigarette  smoked,  and  CO  levels  (Glasgow,  Klesges,  Vasey  1983; 
Godding  and  Glasgow  1985;  Malott  et  al.  1984).  In  general,  however, 
by  the  6-month  followup  the  magnitude  of  these  initial  reductions 
had  diminished  by  approximately  one-half. 

Reservations  about  the  controlled  smoking  approach  center 
around  the  premise  that  smokers  can  substantially  diminish  their 
health  risk  without  total  abstention.  The  change  in  health  risks 
associated  with'<  moderate  reduction  is  not  known.  Moreover,  there  is 
experimental  evidence  that  smokers  regulate  their  bodily  levels  of 
nicotine  through  compensatory  changes  in  smoking  patterns 
(McMorrow  and  Foxx  1983).  These  compensatory  changes  are  not 
complete,  however.  In  a  short-term  (3-  or  4-day)  restriction  study,  a 
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reduction  from  an  average  of  37  cigarettes  to  5  cigarettes/day  was 
associated  with  a  threefold  increase  in  the  intalce  of  tobacco  toxins 
per  cigarette  (Benowitz  et  al.  1986).  Daily  exposure  to  tar  (estimated 
by  mut^enic  activity  of  the  urine),  nicotine,  and  CO  declined  only  50 
percent  from  the  baseline.  Thus,  consistent  with  the  tendency  to 
maintain  intake  of  nicotine,  the  benefit  of  smoking  fewer  cigarettes 
was  much  less  than  expected.  Benowitz  and  associates  used  laborato- 
ry volunteers  rather  than  smokers  who  were  specifically  concerned 
with  reducing  their  levels  of  tar  and  nicotine  exposure. 

The  basic  premise  of  the  controUed-smoking  approach — that  it 
reduces  health  risk — remains  to  be  validated.  Some  investigators 
have  argued  that  until  there  is  clear  evidence  that  controlled 
smoking  actually  decreases  health  risks,  it  should  not  be  recom- 
mended as  a  treatment  option.  Finally,  there  is  concern  both  that 
smokers  who  otherwise  may  have  been  successful  quitters  will 
instead  he  attracted  to  controlled-smoking  programs  (at  this  point  no 
data  are  avEiilable)  and  that  these  programs  may  provide  an  illusion 
of  safety. 

If  reductions  in  smoke  exposure  can  be  maintained  over  time,  if  a 
reduction  in  health  risk  can  be  established,  and  if  clients  can  be 
limited  to  those  for  whom  the  prospect  of  total  abstinence  is  highly 
unlikely,  then  reduced  smoking  may  be  an  alternative  for  recalci- 
trant smokers.  Given  all  these  conditions,  controlled  smoking  does 
not  appear  likely  to  represent  an  effective  treatment.  However, 
possible  risk  reduction  is  not  the  only  rationale  for  this  type  of 
approach.  Controlled-smoking  interventions  may  appeal  to  a  laxger 
cross-section  of  smokers,  may  have  a  positive  impact  upon  self- 
efficacy,  and  may  facilitate  subsequent  progress  toward  complete 
abstinence.  Currently,  empirical  data  on  these  points  are  lacking. 

Multicomponent  Programs 

In  recent  years,  multicomponent  programs  have  been  a  principal 
target  of  research.  This  is  due  to  both  the  relatively  high  level  of 
clinical  success  produced  by  these  programs  (Lichtenstein  1986)  and 
the  recognition  that  smoking  is  multidetermined  and  relatively 
invulnerable  to  any  single  intervention  (Schwartz  1987).  The  most 
effective  multicomponent  programs  yield  almost  universal  short- 
term  abstinence  and  long-term  abstinence  rates  that  approach  or 
exceed  50  percent  (Brandon,  Zelman,  Baker,  in  press;  Elliott  and 
Denney  1978;  Erickson  et  al.  1983;  Hall,  Rugg  et  al.  1984;  Hall  et  al. 
1985;  Fagerstrom  1982b;  Killen,  Maccoby,  Taylor  1984;  Lando  1977; 
Tiffany,  Martin,  Baker  1986).  These  results  are  extremely  encourag- 
ing and  are  rarely  matched  in  trials  that  place  exclusive  emphasis 
upon  pharmacologic  intervention.  Dismantling  or  constructive  stud- 
ies have  shown  that  combinations  of  treatments  generally  outper- 
form £uiy  single  constituent  treatment  (Lando  1982). 


500 


Best,  Owen,  and  Trentadue  (1978)  compared  satiation  and  rapid 
smoking  in  the  context  of  self-management  training.  Subjects 
rehearsed  possible  alternatives  or  coping  strategies  for  each  antici- 
pated problem  situation.  Suggested  techniques  were  applied  on  an 
individualized  basis  and  included  relaxation,  deep  breathing,  contin- 
gency contracting,  social  support,  stimulus  control,  and  behavioral 
rehearsal.  The  overall  result  with  60  subjects  was  47  percent 
abstinence  at  6-month  foUowup. 

Powell  and  McCann  (1981)  achieved  successful  results  with  a 
combination  of  lectures,  self-control  techniques,  and  aversive  smok- 
ing. Aversive  smoking  consisted  of  rapid  puffing  without  inhalation 
and  holding  the  cigarette  in  an  awkward  position.  Efforts  were  made 
to  increase  the  unpleasantness  of  the  procedures  by  providing 
ashtrays  that  were  full  of  cigarette  litter,  dipping  cigarettes  in  a 
bitter-tasting  solution,  and  showing  slides  of  diseased  organs.  Sub- 
jects were  randomly  assigned  to  one  of  three  maintenance  condi- 
tions: a  4-week  support  group,  4  weeks  of  telephone  calls  between 
subjects,  or  a  no-contact  control  group.  Results  for  the  51  subjects  at 
1-year  foUowup  were  impressive,  although  there  were  no  significant 
differences  between  conditions.  The  support  group  and  the  no- 
contact  controls  achieved  65  percent  abstinence,  and  telephone 
contact  subjects  achieved  59  percent  abstinence. 

Hall,  Rugg,  and  colleagues  (1984)  assessed  two  levels  of  relapse 
prevention  (skills  training  versus  discussion  control)  and  two  levels 
of  aversive  smoking  (6-  vs.  30-sec  inhalations)  in  a  2-by-2  factorial 
design.  Of  135  subjects  recruited,  123  completed  treatment.  Of  14 
treatment  sessions,  8  included  aversive  smoking.  Six  sessions  were 
devoted  to  relapse  prevention.  Specific  skills  training  components 
included  cue-produced  relaxation,  commitment  enhancement,  and 
rehearsal  of  commonly  experienced  relapse  situations.  Subjects 
assigned  to  the  skills  training  condition  were  more  likely  to  report 
use  of  coping  skills.  One-year  abstinence  outcomes  were  as  follows: 
52  percent  for  6-sec  inhalations/skills  training,  39  percent  for  30-sec 
inhalations/skills  training,  34  percent  for  6-sec  inhala- 
tions/discussion, and  26  percent  for  30-sec  inhalations/discussion. 
Skills  training  was  superior  to  the  discussion  control  at  the  1-year 
foliowup  (dropouts  were  excluded  from  this  analysis).  No  differences 
were  observed  between  the  6-  and  30-sec  smoking  procedures. 

Lando  (1977)  compared  a  comprehensive  treatment  procedure 
(satiation,  contingency  contracts,  group  support,  booster  aversion) 
£^ainst  a  satiation  control.  Subjects  were  seen  in  small  groups.  All 
subjects  attended  six  treatment  sessions  over  a  1-week  period. 
Subjects  assigned  the  comprehensive  intervention  attended  an 
additional  seven  sessions  during  2  months  of  maintenance.  Results 
at  6-month  foliowup  indicated  76  percent  abstinence  for  the  compre- 
hensive procedure  and  35  percent  abstinence  for  the  satiation 
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condition.  However,  it  should  be  noted  that  these  results  were  based 
upon  a  total  of  only  34  subjects  and  2  small  groups  per  condition. 

Lando  (1981)  assigned  99  subjects  to  a  2-stage  treatment  (aversion 
and  maintenance)  similar  to  that  employed  in  his  1977  study  or  to  a 
3-stage  procedure  that  also  included  fear  appeals  and  stimulus 
control.  Subjects  were  in  addition  randomly  assigned  to  intensive  or 
minimal  contact  conditions.  Efforts  to  implement  a  maintained 
reduction  procedure  among  nonabstinent  subjects  were  unsuccessful. 
One-year  followup  results  favored  the  two-stage  intensive  contact 
procedure.  The  group  of  subjects  in  this  condition  achieved  a  46 
percent  abstinence  rate  whereas  subjects  in  each  of  the  other 
conditions  attained  abstinence  rates  less  than  20  percent.  In  a  3-year 
followup,  Lando  and  McGovern  (1982)  again  found  46  percent 
abstinence  among  subjects  in  the  two-stage  intensive  treatment 
(continuous  abstinence  from  the  end  of  treatment  in  this  condition 
was  33  percent). 

Elliott  and  Denney  (1978)  developed  a  package  treatment  encom- 
passing self-reward  and  punishment,  cognitive  restructuring,  applied 
relaxation,  behavioral  rehearsal,  systematic  desensitization,  emo- 
tional role  pla3ring,  covert  sensitization,  and  rapid  smoking.  This 
comprehensive  program  was  compared  against  rapid  smoking  by 
itself  and  two  control  conditions.  Six-month  followup  results  (N=60) 
indicated  a  significant  effect  in  favor  of  the  package  treatment. 
Subjects  in  this  condition  achieved  a  45  percent  abstinence  rate  as 
opposed  to  17  percent  for  rapid  smoking  by  itself,  12  percent  for  a 
nonspecific  control,  and  0  percent  for  an  imtreated  control. 

Erickson  and  colleagues  (1983)  assigned  subjects  to  either  rapid 
smoking  or  to  a  less-aversive  rapid-puffing  procedure.  These  subjects 
also  were  assigned  behavioral  counseling  which  included  training  in 
problem-solving  strategies.  A  comparison  group  underwent  only 
behavioral  counseling,  without  any  aversive  smoking.  Results  fa-; 
vored  the  combination  of  rapid  smoking  and  behavioral  counseling. 
At  1-year  followup  70  percent  of  rapid-smoking  subjects  and  only  33 
percent  of  rapid-puffing  and  14  percent  of  behavioral  counseling 
subjects  reported  abstinence.  A  total  of  only  26  subjects  were 
included  in  this  study. 

Tiffany,  Martin,  and  Baker  (1986)  assessed  full-scale  rapid  smokr 
ing  with  full  counseling,  truncated  rapid  smoking  with  full  counsel- 
ing, rapid  puffing  with  full  counseling,  and  full-scale  rapid  smoking 
with  reduced  counseling.  Eighty-two  subjects  completed  treatment. 
During  behavioral  counseling,  subjects  learned  to  anticipate  poten- 
tial problem  situations  and  to  plan  coping  strategies  for  these 
situations.  The  full^cale  rapid-smoking  and  rapid-puffing  proce- 
dures included  three  trials  per  session.  Truncated  rapid  smoking 
consisted  of  only  one  trial  per  session.  Reduced  counseling  empha- 
sized support  and  encouragement  rather  than  specific  behavioral 
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procedures.  Six-month  foUowup  results  favored  the  full-scale  rapid- 
smoking  and  rapid-puffing  conditions  combined  with  full-scale 
counseling  (59  and  55  percent  abstinence,  respectively).  Either 
truncated  rapid  smoking  or  reduced  counseling  appeared  to  detract 
from  effectiveness  (35  percent  of  subjects  in  each  of  these  conditions 
were  abstinent  at  6-month  followup). 

As  noted  in  the  section  on  methodological  issues  in  treatment 
(below),  many  multicomponent  treatments  are  based  on  clinical 
intuition  or  on  the  effectiveness  of  a  treatment  when  used  by  itself 
and  few  are  based  on  an  explicit  theory  or  model  of  addiction  and 
behavioral  change.  Moreover,  few  multicomponent  evaluative  stud- 
ies contain  sound  process  measures  that  tap  processes  theoretically 
linked  to  particular  interventions.  Therefore,  even  though  multicom- 
ponent treatments  are  often  effective,  the  basis  of  their  efQcacy  is 
little  understood. 

It  is  unclear  why  particular  treatment  elements  are  effective  when 
combined.  Perhaps  these  elements  interact  so  that  an  individual  who 
would  not  be  especially  helped  by  one  treatment  is  aided  by  the 
combination.  Perhaps  the  treatment  components  are  additive  be- 
cause their  individual  effects  are  largely  independent.  To  investigate 
the  nature  of  multicomponent  treatment  effects,  researchers  might 
strive  to  develop  experimental  designs  that  are  sensitive  to  particu- 
lar components  and  to  determine  whether  these  reflect  interactive 
effects  when  auxiliary  treatments  are  added.  It  is  recognized, 
however,  that  required  numbers  of  subjects  and  statistical  power 
issu^  often  render  this  type  of  approach  impraddcaL  Furthemiore, 
isolation  of  very  precise  or  subtle  treatment  elements,  as  opposed  to 
msgor  differences,  appears  both  impractical  and  unlikely  (Lando 
1982). 

Some  multicomponent  treatments  contain  elements  that  are 
labeled  as  "maintenance"  and  are  delivered  during  the  postcessa- 
tion,  followup  interval.  These  are  based  on  the  notion  that  extending 
therapist  contact  or  skills  training  in  the  followup  interval  will 
prolong  treatment  gains.  Evidence  is  mixed  as  to  whether  such 
maintenance  treatments  significantly  enhance  the  long-term  effec- 
.  tiveness  of  complete,  multicomponent  programs  (Brandon,  Zelman, 
Baker,  in  press). 

Although  multicomponent  programs  are  often  very  effective,  more 
is  not  always  better  (Lando  1981).  Inclusion  of  too  many  procedures 
may  overwhelm  subjects  and  thereby  reduce  adherence  to  treat- 
ment. A  point  of  diminishing  returns  may  be  reached  by  simply 
adding  additional  components  to  an  already  complex  intervention. 
Combinations  of  multicomponent  behavioral  treatment  and  pharma- 
cologic intervention  may  be  promising  for  highly  dependent  smok- 
ers, especially  for  those  who  have  been  unable  to  achieve  even  short- 
term  abstinence  despite  repeated  attempts. 

503 


other  Treatment  Strategies 

Hypnosis 

The  usual  intent  of  hypnosis  is  to  increase  client  motivation  or 
ability  to  quit  smoking  through  posthypnotic  suggestions.  The  most 
commonly  used  posthypnotic  suggestions  are  variations  of  those 
originated  by  Spiegel  (1970):  (1)  smoking  is  a  poison  to  your  body;  (2) 
you  need  your  body  to  live;  and  (3)  you  owe  your  body  this  respect 
and  protection  (Berkowitz,  Ross-Townsend,  Kohberger  1979;  Hjrman 
et  al.  1986;  Javel  1980;  Perry,  Gelfand,  Marcovitch  1979).  Sugges- 
tions may  also  involve  problem-solving  techniques  (Frank  et  al.  1986; 
Javel  1980),  review  of  the  client's  history  of  smoking  (Javel  1980), 
desensitization  to  environmental  cues  (Wagner,  Hindi-Alexander, 
HorSvitz  1983),  and  an  assortment  of  other  elements  (Katz  1980). 
Despite  the  variety  of  possible  hypnotic  procedures,  some  research 
reports  fail  to  describe  the  procedure  used  (Lambe,  Osier,  Franks 
1986;  Schubert  1983).  Hypnosis  might  most  usefully  be  applied  to  the 
small  percentage  of  the  population  that  is  highly  susceptible  to 
hypnotic  induction.  Some  individuals  are  essentially  unresponsive  to 
hypnosis,  whereas  others  evidence  varying  degrees  of  susceptibility. 
Individual  differences  in  hypnotic  susceptibility  have  in  fact  influ- 
enced outcome  (Perry  and  Mullen  1975;  West  1977),  although  this 
has  not  been  reported  by  all  investigators  (Mott  1979). 

No  significsuit  outcome  differences  were  found  when  posthypnotic 
su^estions  were  compared  with  su^estions  without  hs^pnosis  (Javel 
1980),  with  suggestions  after  relaxation  (Schubert  1983),  with 
focused  smoking  or  an  attention  placebo  control  condition  (H3nnan  et 
al.  1986),  or  with  behavior  modification  or  health  education  interven- 
tions (Rabkin  et  al.  1984).  Most  studies  have  found  hypnosis  to,  be 
superior  to  no-treatment  control  groups,  althoi^h  Lambe,  Osier,  and 
Franks  (1986)  found  no  such  difference.  FoUowup  abstinence  rates 
reported  for  hsrpnosis  in  recent  studies  have  ranged  from  less  than  4 
percent  (Perry,  Gelfand,  Marcovitch  1979)  to  60  percent  (Javel  1980), 
with  a  mean  of  approximately  28  percent.  These  figures  may  be 
spuriously  high  because  several  studies  reported  less  than  6  months 
of  foUowup  and  most  relied  exclusively  on  subject  self-report. 

There  is  little  evidence  that  hypnotic  induction  per  se  facilitates 
smoking  cessation  and  maintenance  above  and  beyond  the  effects  of 
other  treatment  components  (including  the  posthypnotic  suggestions 
themselves)  (Holroyd  1980;  Katz  1980). 

Acupuncture 

Acupuncture  involves  the  use  of  needles  or  staple-like  attachments 
and  commonly  is  given  at  the  ear  either  by  press  needle  or  staple 
puncture.  Acupuncture  has  gained  popularity  over  the  past  10  years 
(Schwartz  1987).  There  are  few  carefully  controlled  evaluations  of 
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this  procedure  for  smoking  cessation.  Many  published  reports  have 
suffered  from  serious  methodological  shortcomings  (e.g.,  lack  of 
control  conditions,  short  or  nonexistent  foUowup  periods,  failure  to 
include  data  from  all  treated  subjects).  Six  studies  have  compared 
acupuncture  at  the  "correct"  site  for  smoking  cessation  against  an 
"incorrect"  or  sham  site.  In  only  one  study  (MacHovec  and  Mann 
1978)  was  the  correct  site  significantly  superior  to  the  sham  site.  As 
with  hypnosis,  most  evaluations  of  acupuncture  have  relied  exclu- 
sively on  self-reports.  At  this  point,  there  is  little  evidence  that 
acupuncture  relieves  withdrawal  S3miptoms  or  promotes  smoking 
cessation.  A  combination  of  acupuncture  and  supportive  counseling 
or  skills  training  may  be  more  effective  (Schwartz  1987). 

Treatment  of  Special  Smoker  Populations 

Recognition  of  smoking  as  a  dependence-producing  behavior  leads 
to  important  implications  in  treating  several  populations  of  smokers 
including  women,  blacks,  and  Hispanics.  Current  trends  (Appendix 
A)  indicate  that  the  burdens  of  smoking  in  the  future  may  be 
disproportionately  felt  by  lower  socioeconomic  and  minority  popula- 
tion groups.  For  treatment  to  have  optimal  impact,  it  must  meet  the 
needs  of  smokers  from  diverse  circumstances.  Presently,  the  vast 
majority  of  those  who  avail  themselves  of  formal  intervention  are 
white  and  are  from  relatively  advantaged  socioeconomic  back- 
grounds. 

It  is  not  obvious  that  interventions  for  special  populations  should 
differ  substantially  from  those  that  are  currently  available.  There 
are  indications  based  on  smoking  patterns  and  environmental  and 
social  factors  that  suggest  the  importance  of  tailored  intervention.  A 
great  deal  more  research  is  needed,  however.  At  this  point,  for 
example,  it  is  unclear  whether  self-help  treatment  manuals  oriented 
to  specific  target  groups  are  preferable  to  more  general  manuals. 
(Durrently  there  are  almost  no  materials  or  programs  prepared 
especially  for  blacks  or  Hispanics.  If  the  needs  of  lower  SES  and 
minority  smokers  are  not  met,  the  trend  for  smoking  to  be 
disproportionately  concentrated  among  these  groups  is  likely  to 
continue.  Considerations  of  treatment  for  the  dependent  smoker  are 
not  complete  without  substantial  attention  to  issues  of  application 
and  dissemination,  especially  to  smokers  not  being  served  by  current 
interventions. 

Applying  Smoking  Interventions  to  Women 

Sex  Differences  in  Cessation  and  Relapse  Rates 

Trends  in  cigarette  smoking  among  men  and  women  in  this 
century  have  followed  roughly  similar  curves,  except  that  increases 
and  decreases  in  smoking  prevalence  among  women  have  lagged  15 
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to  30  years  behind  rates  for  men  (Harris  1983;  US  DREW  1980; 
Appendix  A).  Recent  declines  in  overall  smoking  prevalence  are 
attributed  to  lower  initiation  rates  among  teenage  males  and  higher 
cessation  rates  among  adult  males  (Remington  et  al.  1985).  The 
percentage  of  former  smokers  in  the  male  population  has  increased 
more  dramatically  than  the  percentage  of  former  smokers  in  the 
female  population  (Appendix  A).  Jarvis  (1984)  adjusted  cigarette 
cessation  rates  in  Britain  and  in  the  United  States  to  reflect  the 
proportion  of  males  who  switched  from  smoking  cigarettes  to 
smoking  pipes  and  cigars.  After  this  adjustment,  sex  differences  in 
cigarette  cessation  rates  disappeared  for  individuals  under  age  50. 

Several  recent,  well-controlled  prospective  evaluations  of  cigarette 
cessation  programs  found  no  differences  in  the  proportions  of  women 
and  men  who  achieved  initial  cessation  and/or  long-term  mainte- 
nance (Curry  1986;  Gritz  1982;  Hall,  Ginsberg,  Jones  1986).  The 
question  of  whether  previously  observed  gender  differences  in 
cessation  and  relapse  rates  (the  magnitude  of  which  is  often  small) 
reflect  real  and  stable  sex  differences,  historical  effects  true  only  in 
older  smokers,  or  statistical  artifacts  due  to  analytical  limitations  is 
not  resolved. 

Motivation  to  quit.  In  one  of  the  few  studies  addressing  gender 
differences  in  motivation  to  quit,  Curry  (1986)  found  that  successful 
male  and  female  abstainers  did  not  differ  in  their  overall  reasons  for 
quitting  (e.g.,  "Smoking  is  inconsistent  with  my  commitment  to  good 
health").  However,  women  in  Curry's  (1986)  study  differed  signifi- 
cantly from  men  on  questions  related  to  four  more  specific  subdimen- 
sions  of  motivation:  self-determination  ("I  will  like  myself  better**), 
reinforcement  ("My  hair  and  clothes  won't  smell"),  influence  of 
significant  others  ("I  can  get  praise  from  people  I  am  close  to  [for 
quitting]"),  and  social  consequences  ("Smoking  is  less  socially 
acceptable").  Perhaps  these  more  specific  reasons  for  quitting  should 
be  considered  in  tailoring  the  content  of  smoking  treatments  to 
female  subjects. 

Education.  The  personalization  (perception  of  the  personal  rele- 
vance) of  abstract  information  has  been  shown  to  be  an  important 
aspect  of  behavioral  change  in  general  (Mahoney  1974)  and  of 
health-related  behavioral  change  in  particular  (Ben-Sira  1982; 
Schinke  and  Gilchrist  1984).  Available  evidence  suggests  that  many 
women  may  not  fully  be  aware  of  some  important  gender-specific 
health  consequences  of  smoking  (Shiffman  1986b;  Sorensen  and 
Pechacek  1987).  Adolescent  women  in  particular  often  either  are  not 
well  informed  or  choose  to  ignore  information  on  the  harmful  effects 
of  smoking  during  pregnancy  (Simms  and  Smith  1983;  Stewart  and 
Dunkley  1985).  It  may  be  useful  to  develop  educational  campaigns 
that  publicize  the  gender-specific  risks  of  smoking. 
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Information  that  might  be  used  in  such  educational  campaign^ 
comes  from  studies  of  important  adverse  interactions  between 
smoking  and  female  physiology,  especially  estrogen-related  pro- 
cesses. Several  studies  have  found  a  positive  association  between 
cigarette  smoking  and  early  menopause  (Baron  1984;  Willett  et  al. 
1983),  estrogen-related  postmenopausal  osteoporosis  and  associated 
fractures  (Daniell  1976;  Paganini-Hill  et  al.  1981),  and  invasive 
cervical  cancer  (Brinton  et  al.  1986). 

Social  values  and  beliefs.  Cigarette  smoking  is  a  multidetermined 
behavior  shaped  by  both  personal  and  environmental  variables 
(Chassin,  Presson,  Sherman  1985;  Jones  and  Battjes  1985).  The  bulk 
of .  research  on  smoking  has  assumed  that  the  developmental 
pathways  leading  to  cigarette  use  and  later  dependence  are  the  same 
for  males  and  females.  Several  lines  of  recent  research  suggest  that 
this  assumption  is  overly  simplistic  (Barton  et  al.  1982;  Baumrind 
1985;  Ensmingery  Brown,  Kellam  1982;  Gritz  19182;  Yamaguchi  and 
Kandel  1984).  The  developmental  and  social  dynamics  that  propel 
female  adolescents  into  smoking  may  differ  from  those  operating  on 
young  males.  Several  studies  suggest  that  female  smokers  appear 
attracted  to  cigarette  smoking  by  a  need  to  identify  with  a  particular 
social  image  (Gritz  1982, 1984;  Jacobson  1982;  Mausner  and  Braad- 
spiegel  1985).  Studies  of  advertising  influence  show  that  women, 
more  than  men,  choose  cigarette  brands  for  image  reasons  (Bergler 
1981;  Fisher  and  Magnus  1981).  Cigarette  smoking  today  is  often 
associated  in  the  media  with  independent  women  who  are  not  only 
sexually  desirable  (and  slender)  but  also  successful  in  traditionally 
male  activities  (Baker,  Dearborn  et  ad.  1984;  Godley,  Lutzker, 
Lainazdr,  Martin  1984).  Reliance  on  dgarettes  fbr  bolstering  an 
important,  self-selected  social  image  may  make  some  women  resis- 
tant to  educational  messages  on  the  health  consequences  of  smoking. 

Another  factor  bearing  on  women's  use  of  cigarettes  for  social 
image  reasons  involves  body  size  and  weight  control  (Gritz  198^; 
Jacobson  1982;  US  DHEW  1980).  Data  from  junior  high  students 
suggest  that  even  at  young  ages  females  more  than  males  are 
interested  in  cigarettes  as  a  weight  control  aid  (Charlton  1984; 
Chapter  VI). 

Achieving  Abstinence 

Weight  gain.  Women's  fear  of  weight  gain  has  been  widely 
observed  (US  DHEW  1980).  Some  animal  data  (Grunberg,  Bowen, 
Winders  1986;  Grunberg,  Winders,  Popp  1987;  Levin  et  al.  1987)  as 
well  as  preliminary  results  from  a  study  with  human  subjects 
(Klesges,  Meyers  et  al.  1987)  suggest  that  females  are  more  likely 
than  males  to  gain  weight  following  removal  of  nicotine.  In  contrast. 
Hall,  Ginsberg,  and  Jones  (1986)  found  that  although  all  subjects 
gained  weight  after  achieving  abstinence,  weight  gain  was  no  more 
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likely  to  cause  female  subjects  than  male  subjects  to  relapse  (Chapter 
VI).  More  studies  are  needed  to  determine  whether  fear  of  weight 
g£iin  in  the  early  stages  of  cessation  is  a  more  powerful  obstacle  for 
women  than  is  actual  weight  gain  later  in  the  cessation  process. 

Stress  management.  Social,  psychological,  and  epidemiological 
studies  consistently  report  the  greater  importance  of  cognitive 
appraisal  processes  and  monitoring  of  internal  states  and  feelings  on 
the  part  of  females  compared  with  males  (Blechman  1984).  Several 
studies  have  characterized  women  as  negative-affect  smokers — i.e., 
individusds  who  smoke  in  response  to  emotional  discomfort  and  for 
purposes  of  tension  reduction  (Brunswick  and  Messeri  1984;  Christen 
and  Glover  1983;  Dembroski  1984;  Livson  1985;  Mitic,  McGuire, 
Neumann  1985;  Rust  and  Lloyd  1982;  US  DREW  1980).  Other 
researchers  have  found  that  negative-affect  smokers  grow  more 
reliant  on  cigarettes  than  do  smokers  who  respond  to  social  or 
external  stimuli  (Ockene  et  al.  1981;  Pomerleau,  Adkins,  Pertschuk 
1978).  In  current  cessation  studies,  female  subjects,  compared  with 
male  subjects,  have  reported  more  stress  during  the  quit  proo^ 
(Abrams  et  al.  1987)  and  more  concern  about  finding  alternatives  to 
cigarettes  for  coping  with  stress  (Abrams  et  al.  1987;  Moreton  and 
East  1983;  Sorensen  and  Pechacek  1987;  Chapter  VI). 

Social  support.  Women,  more  often  than  men,  report  a  preference 
for  interacting  and  learning  in  settii^  that  involve  close,  informal, 
personal,  dyadic,  or  small-group  interactions  (Brody  1987;  Glynn, 
Pearson,  Sayers  1983;  Grady,  Brannon,  Pleck  1979;  Linehan  1984). 
Both  the  quantity  and  the  quality  of  women's  participation  increase 
in  groups  composed  solely  of  women  (Burden  and  Gottlieb  1987; 
Linehan  and  Egan  1979;  Gambrill  and  Richey  1986).  Gritz  (1982) 
concluded  that  women  are  more  successful  in  programs  that  provide 
social  support  and  individualized  therapist-client  contact,  and  less 
successful  in  programs  in  which  such  support  is  absent  or  when 
external  environmental  supports  are  lacking.  Data  continue  to 
indicate  the  importance  of  social  support  (and  partner  support  in 
particular)  for  maintenance  of  smoking  cessation  among  women 
(Coppotelli  and  Orleans  1985;  Sorensen  and  Pechacek  1987). 

Smoking  Cessation  Initiatives  for  Black  Americans 

Black  Americans  constitute  the  Nation's  largest  minority  group, 
making  up  12  percent  of  the  population,  and  have  the  highest 
smoking  rate  of  the  major  U.S.  ethnic/ racial  groups;  34.8  percent  of 
all  black  American  adults  smoke,  compared  with  29.7  percent  of  non- 
Hispanic  whites  and  25.7  percent  of  Hispanic  adults  (Appendix  A). 
Blacks  also  suffer  the  Nation's  highest  rates  of  mortality  and 
morbidity  from  cardiovascular  diseases  and  cancer,  including  coro- 
nary heart  disease  and  lung  cancer  (Cooper  and  Simmons  1985;  US 
DHHS  1985,  1986).  Moreover,  smoking  represents  an  especially 
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serious  health  risk  for  blacks,  given  the  disproportionate  incidence  of 
infant  mortality  and  low  birth  weight,  hypertension,  diabetes,  and 
hazardous  occupational  exposures  within  the  U.S.  black  population 
(US  DHHS  1985).  To  date,  relatively  little  research  has  been  done  to 
clarify  smoking/quitting  patterns  and  determinants  among  black 
Americans  or  to  test  smoking  cessation  interventions  in  black 
populations. 

The  1985  Cancer  Prevention  Awareness  Survey  (US  DHHS  1987) 
found  that  blacks  were  less  likely  than  the  general  public  to  report 
hearing  or  reading  about  cancer  prevention  in  the  preceding  6 

months,  and  were  less  likely  to  view  tobacco  use  as  a  cancer  risk. 
There  is  also  evidence  that  blacks  have  less  belief  in  personal  control 
over  health  outcomes  and  disease,  particularly  cancer  (Deniston 
1981;  Snow  1983;  US  DHHS  1987). 

Soclodemographic  Factors 

The  soclodemographic  correlates  of  smoking  status  simong  black 
Americans  are  similar  to  those  for  the  U.S.  population  as  a  whole: 
these  include  lower  income,  lower  education  levels,  lower  occupa- 
tional status,  unemployment,  being  male,  and  being  unmarried 
(never  married,  separated,  or  divorced)  (Eisinger  1971;  Marcus  and 
Crane  1987;  Orleans  et  al.  1987;  US  DHHS  1985;  Warneke  et  al.  1978). 

Restricted  Health  Care  Access 

More  limited  access  to  health  care,  particularly  to  preventive 
health  services,  may  also  play  a  role  in  the  higher  black  smoking 
rate  (Eisinger  1971;  Green  1975;  Rogers  and  Shoemaker  1971;  US 
DHHS  1986;  Warneke  et  al.  1978).  Fewer  blacks  (54  percent)  than 
whites  (70  percent)  report  a  physician's  office  as  their  r^ular  source 
of  care,  and  twice  as  many  blacks  as  whites  say  they  receive  their 
regular  care  from  hospital  outpatient  clinics  and  emergency  rooms 
or  public  health  clinics  (where  continuous  care  and  preventive 
health  services  are  less  likely)  (US  DHHS  1985).  Therefore,  it  is  not 
surprising  that  the  1985  Nation?d  Health  Interview  Survey  (NHIS) 
found  fewer  adult  black  smokers  (33  percent  men,  43  percent 
women)  than  white  smokers  (40  percent  men,  47  percent  women) 
reporting  medical  advice  to  quit  smoking  (Marcus  and  Crane  1987). 

Social  Norms  and  Advertising  Influences 

Peer  and  family  modeling  appears  to  play  the  usual  role  in  the 
initiation  and  maintenance  of  smoking  as  well  as  in  smoking 
cessation  (Orleans  et  al.  1987;  Warneke  et  al.  1978).  However,  the 
combination  of  a  higher  smoking  rate  among  blacks  and  a  pervasive, 
well-financed,  black-focused  tobacco  advertising  campaign  may  lead 
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to  stronger  smoking  norms  within  the  black  community  (Cooper  and 
Simmons  1985;  Cummings,  Giovino,  Mendicino  1987;  Davis  1987). 

Determinants  of  Quitting  l\4otivation  and  Success  Among  Black 
Smolders 

Factors  inifluencing  quitting  motivation  and  success  amoi^  black 
smokers  appear  to  be  similar  to  those  among  smokers  in  general, 
including  beliefs  in  smoking-related  health  harms  and  quitting 
benefits;  personal  relevance  of  the  health  threat;  a  greater  number 
of  sources  of  support  and  communication  about  smoking  health  risks 
and  quitting;  the  extent  to  which  family,  friends,  and  health 
professionals  provide  personal  information  about  smoking  risks; 
personal  medical  advice  to  quit;  self-mastery  motivation;  past  efforts 
to  quit  or  cut  down;  degree  of  tobacco  dependence;  and  primary 
group  social  supports  for  quitting  and  nonsmoking  (Eisinger  1971; 
McDill  1975;  Orleans  et  al.  1987;  Pechacek  and  Danaher  1979; 
Prochaska  and  DiClemente  1983;  Warneke  et  al,  1978).  Again, 
however,  considerably  more  research  is  needed. 

Smol<ing  and  Quitting  Patterns  Among  Black  Americans 

Although  black  smokers  smoke  fewer  cigarettes  per  day  than 
white  smokers,  they  smoke  brands  with  higher  tar/nicotine  jdelds, 
especially  menthol  brands  (FriedmiEUi,  Sidney,  Polen  1986;  Appendix 
A).  The  1981 NHIS  showed  that  65  percent  of  black  smokers  smoked 
brands  with  1.1  mg  or  more  of  nicotine,  in  contrast  to  only  36  percent 
of  white  smokers,  and  that  67  percent  of  black  smokers  Smoked 
menthol  cigarettes,  in  contrast  to  only  26  percent  of  white  smokers. 
In  fact,  it  has  been  estimated  that  three  high-nicotine  menthol 
brands  account  for  more  than  60  percent  of  cigarettes  purchased  by 
blacks  (Cummings,  Giovihb,  Mendicino  1987).  Menthol  additives  may 
pose  additional  health  risks  (CSummings,  Giovino,  Mendicino  1987); 
these  additives  could  conceivably  influence  puffing  patterns  (e.g.,  by 
reducing  the  perceived  "harshness"  of  the  tobacco)  so  as  to  heighten 
nicotine  delivery  or  smoking  risks  (e.g.,  by  enabling  the  smoker  to 
tolerate  inhaling  more  often  or  more  deeply  or  to  smoke  the  cigarette 
to  a  shorter  length).  However,  to  date  no  studies  that  address  this 
issue  have  been  published.  National  survey  data  (US  DHHS  1985) 
suggest  that  black  smokers  attempt  to  quit  at  the  same  rate  that 
white  smokers  do.  However,  blacks  appear  to  be  less  likely  to  remain 
abstinent  (Appendix  A).  Quitting  barriers  faced  more  often  by  blacks 
include  the  same  sociodemographic  factors  that  explain  their  higher 
smoking  rate,  including  the  greater  life  stress  and  more  limited 
resources  associated  with  lower  SES. 
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Quit-Smoking  Treatments 

Quitting  methods.  A  recent  survey  of  black  ex-smokers  showed 
that  like  U.S.  ex-smokers  as  a  whole,  the  vast  majority  had  quit  "on 
their  own":  9  in  10  said  they  relied  on  "willpower,"  and  only  1  in  10 
reported  using  formal  treatment  programs,  self-help  guides  or  aids, 
or  nicotine  polacrilex  gum  (Orleans  et  al.  1987).  There  are,  to  date,  no 
published  data  on  the  extent  to  which  black  and  white  U.S.  smokers 
differ  specifically  in  their  access  to,  or  use  of,  quit-smoking  services 
and  resources. 

Sources/treatment  agents.  Physicians  and  other  health  care  provid- 
ers are  powerful  sources  of  quit-smoking  assistance  (Orleans  1986) 
and  may  be  especially  important  sources  for  black  Americans.  In  the 
1985  Cancer  Prevention  Awareness  Survey  (US  DHHS  1987),  blacks 
reported  more  often  than  the  general  population  that  they  would  be 
very  likely  to  follow  a  doctor's  advice  about  ways  to  reduce  cancer 
risks  (US  DHHS  1987). 

.  Messages/methods.  It  is  currently  unclear  whether  black  smokers 
would  benefit  any  more  or  less  than  other  groups  from  generally 
effective  quit-smoking  strategies  and  treatments.  When  outreach  has 
assured  equal  black-white  access  to  treatments  and  information 
(broadly  defined  in  terms  of  recruitment  efforts,  location,  affordabili- 
ty,  appeal,  and  readability),  outcomes  for  black  and  white  smokers 
have  been  similar.  For  instance,  Windsor  and  colleagues  (1985) 
offered  clearly  worded  pregnancy-focused  self-help  materials  on 
quitting  to  women  in  public  health  maternity  clinics  and  found  no 
differences  in  quit  rates  between  black  and  white  participants  of 
similar  SES.  High-coronary-risk  black  men  assigned  to  the  Special 
Interyention  o^  the  Multiple  Risk  Factor  Intervention  Trial  (MRFIT) 
achieved  6-year  quit  rates  (43  percent)  essentially  comparable  to 
those  of  white  participants  (46  percent)  despite  lower  SES  (Connett 
and  Stamler  1984).  On  the  other  hand,  preliminary  unpublished 
riesults  from  several  ongoing  trials  suggest  that  interventions 
developed  for  the  general  population  may  not  be  appropriate  for  or 
acceptable  to  lower  SES  minority  smokers. 

Channels/delivery  modes.  Church  groups,  fraternal  organizations, 
and  other  groups  within  the  black  community  have  a  unique  role  to 
play  in  bringing  effective  programs  and  resources  to  the  attention  of 
smokers  and  to  provide  support  needed  for  compliance  (Eng,  Hatch, 
Callan  1985;  Orleans  et  al.  1987).  Besides  improving  treatment 
accessibility,  these  organizations  have  the  potential  to  provide 
ongoing  assistance  and  support  for  quitting  efforts  and  nonsmoking 
iTiaintenance.  Eng,  Hatch,  and  Callan  (1985),  for  instance,  describe 
working  through  black  churches  in  rural  North  Carolina ,  to  offer 
sinoking  cessation,  weight  control,  diet  modification,  and  stress 
management  health  education  and  behavioral  change  programs.  Lay 
health  advisers  were  recruited  to  work  with  local  professionals  to 
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organize  church-based  health  fairs  and  to  provide  screening  and 
referral  on  an  individual  basis. 

Interventions  for  Smoking  Cessation  Among  Hispanics 

As  the  most  rapidly  growing  ethnic  group  in  the  United  States, 
Hispanics  have  caught  the  attention  of  demographers,  social  scien- 
tists, and  health  planners,  yet  relatively  little  is  known  of  their 
smoking  behaviors  or  responses  to  various  intervention  and  treat- 
ment approaches.  There  is  recent  evidence  (Davis  1987)  that 
cigarette  advertising  is  increasingly  targeted  to  specific  groups  and 
that  Hispanics  have  become  a  major  focus  of  sophisticated  marketing 
approaches. 

Prevalence 

Smoking  prevalence  among  Hispanic  males  is  comparable  to  that 
among  white  males  and  considerably  less  than  that  among  blacks. 
Smoking  among  Hispanic  women,  in  contrast,  is  considerably  lower 
thsm  smoking  among  either  white  or  black  women  (Marcus  and 
Crane  1985).  Hispanics  consume  considerably  fewer  cigarettes  per 
day  than  do  whites.  Heavy  smoking  among  Hispanics  is  relatively 
infrequent  (Marcus  and  Crane  1985, 1987;  Samet  at  al.  1982;  Stem  et 
al.  1975). 

Data  from  the  1985  Current  Population  Survey  indicate  substan- 
tial differences  in  smoking  status  by  Hispanic  subgroup.  More 
Puerto  Ricans  reported  smoking  than  did  other  subgroups  (Mexican- 
Americans,  Cubans,  and  Central  and  South  Americans).  Caution  is 
needed  in  interpreting  these  data  as  they  are  based  on  limited 
numbers  of  respondents.  Marcus  and  Crane  (1985)  reported  that  the 
pattern  of  high  smoking  prevalence  among  Hispanic  men  and 
relatively  low  prevalence  among  Hispanic  women  held  true  across  a 
number  of  Hispanic  subgroups.  Overall,  the  data  suggest  (X}nsider- 
able  ethnic  diversity  within  the  Hispanic  population.  Diversity  in 
smoking  prevalence  among  Hispanics  also  has  been  found  in  the 
Hispanic  Health  and  Nutrition  Examination  Survey  (HHANES) 
conducted  between  1982  and  1984  (Appendix  A).  Cultural  differences 
among  divergent  Hispanic  groups  may  need  to  be  considered  in  the 
design  and  content  of  treatment  programs. 

Smoking  Antecedents 

Markides,  Coreil,  and  Ray  (1987)  used  data  from  a  three-genera- 
tional study  and  found  that  smoking  behavior  among  younger 
Mexican-Americans  was  positively  correlated  with  that  of  their 
middle-aged  parents.  This  association  was  stronger  for  women.  In  a 
study  of  Mexican-American  high  school  students  who  were  identified 
as  potential  school  dropouts,  Bruno  and  Doscher  (1984)  found  more 
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smokers  in  this  group  than  among  other  students.  These  researchers 
found  that  56  percent  of  their  survey  population  of  78  potential 
dropouts  had  increased  their  cigarette  consumption  in  the  previous 
year.  Otero-Sabogal  and  colleagues  (1986)  reported  that  "positive 
social  presentation"  as  a  consequence  of  smoking  was  mentioned  by 
Hispanics  in  their  study  group.  Castro  and  coworkers  (in  press)  state 
that  smoking  and  other  habitual  behaviors  do  not  occur  in  isolation, 
but  are  part  of  a  lifestyle.  Smoking  has  been  identified  by  these 
authors  and  others  as  a  "core  unhealthy  behavior"  that  is  associated 
with  other  such  behaviors  as  use  of  illicit  drugs,  alcohol  abuse, 
driving  while  intoxicated,  nonuse  of  seat  belts,  and  a  pattern  of  little 
aerobic  exercise.  However,  on  a  test  of  knowledge  about  the  health 
consequences  of  smoking,  moderate-to-heavy  cigarette  smokers  were 
the  highest  scorers,  suggesting  an  intellectual  awareness  of  the  risks 
involved  in  then-  behavior. 

Smoking  interventions 

The  only  available  study  that  specifically  targeted  Hispanics  was 
reported  by  Wittenberg  (1983).  During  a  market  survey  for  the 
"Healthy  Mothers,  Healthy  Babies"  campaign,  focus  groups  were 
organized  to  gather  information  from  minority  women.  Researchers 
held  sessions  with  e^ht  groups  of  black  women  and  seven  groups  of 
Mexican-American  women.  The  results  of  these  sessions  suggested 
that  the  women  involved  largely  ignored  health  advice,  including 
advice  to  quit  smoking,  believing  that  the  negative  consequences 
would  affect  the  mother  and  not  the  baby.  Wittenberg  (1983)  found 
that  the  physician  was  considered  the  most  credible  source  of  health 
information  but  that  family  and  friends  were  also  important  sources 
of  information,  which  sometimes  was  in  conflict  with  professional 
advice.  Mexican-American  women  cited  a  paucity  of  Spanish-speak- 
ing health  providers,  and  both  minority  groups  stressed  the  need  for 
such  providers  to  have  a  better  understanding  of  dietary  preferences 
and  traditional  cultural  patterns  to  more  adequately  serve  pregnant 
minority  women.  The  roles  of  the  family,  the  Catholic  Church,  and 
the  Spanish  language  have  been  said  to  be  at  the  heart  of  the 
cultural  identity  of  Hispanics  in  the  United  States  (Guernica  and 
Kasperuk  1982;  Perez-Stable  1987).  These  influences  have  not  been 
systematically  assessed  or  harnessed  in  the  design  of  smoking 
intervention  programs  for  Hispanics. 

Research  addressing  other  ethnic  groups  is  virtually  nonexistent. 

Methodological  Issues  in  Treatment  Study  Design  and 
Bvaluation 

Since  the  late  1970s,  researchers  and  theoreticians  have  made 
progress  in  developing  theoretical  comparison  strategies  in  ievaluat- 
ing  pharmacolc^c  and  behavioral  treatment  interventions.  This  has 


513 


gradually  resulted  in  the  use  of  more  sophisticated  analytic  compari- 
sons in  at  least  a  few  studies  (Brandon,  Tiffany,  Baker  1987;  Hall, 
Rugg  et  al.  1984;  Harackiewicz  et  al.  1987;  Raw  and  Russell  1980; 
Tiffany,  Martin,  Baker  1986).  The  development  of  specific  measures 
and  investigator  adoption  of  theory-driven  analytic  strategies  (A- 
brams  et  al.  1987;  Davis  and  Glaros  1986;  Erickson  et  al.  1983;  Hall, 
Rugg  et  al.  1984;  Harackiewicz  et  al.  1987;  Mermelstein,  Lichten- 
stein,  Mclntyre  1983;  Shiffman  and  Jarvik  1976;  Tiffany,  Martin, 
Baker  1986)  should  result  over  the  next  10  years  in  a  clearer 
understanding  of  therapeutic  change  processes.  Integrated  theoreti- 
cal approaches  in  which  treatment,  subject,  and  context  factors  are 
considered  simultaneously  may  prove  especially  fruitful. 

A  second  m^'or  methodological  concern  is  the  typical  smoking 
intervention  study  design.  Most  researchers,  when  they  do  use 
control  or  comparison  treatments,  merely  pit  one  treatment  against 
another,  often  with  no  clear  theoretical  basis.  Some  investigators 
systematically  remove  or  add  treatment  elements  largely  on  prag- 
matic grounds.  Unfortunately,  such  experimental  designs  permit 
only  weak  inferences  concerning  the  specific  effective  elements  of 
treatment  (McFall  1978). 

Earlier  reviews  (Pechacek  1979)  noted  that  the  principal  problem 
plaguing  smoking  treatment  evaluation  was  that  clinical  outcomes 
were  typically  inferred  from  data  of  suspect  validity.  Previously, 
most  long-term  outcome  data  were  based  on  client  self-reports  of 
smoking  status,  possibly  supported  by  informant  reports.  Both  self- 
and  informant  reports  are  vulnerable  to  biases  that  make  them 
inadequate  in  research  settings  as  sole  measures  of  outcome  (Glynn, 
Gruder,  Jegerski  1986;  Li  et  al.  1984;  Murray  et  al.  1987).  Fortunate- 
ly, over  the  last  9  years  biochemical  verification  of  self-reports  has 
become  a  more  common  practice,  although  it  is  by  no  means 
universal. 

Carboxyhemoglobin  estimates  from  breath  samples  and  measure- 
ments of  thiocyanate  in  urine,  saliva,  or  plasma  and  of  cotinine  in 
saliva  and  serum,  have  been  used  most  frequently  to  assess  smoking 
status.  Carboxyhemoglobin  has  a  relatively  brief  half-life  and  is 
affected  by  ambient  CO,  activity  level,  and  some  drugs  (Ringold  et  al. 
1962;  Henningfield,  Stitzer,  Griffiths  1980).  However,  this  measure  is 
inexpensive  and  can  provide  subjects  immediate  feedback  on  an 
important  health  risk  factor.  Thiocyanate  may  remain  elevated  for 
up  to  12  to  14  days  after  smoking  cessation  (Barylko-Pikielna  and 
Pangborn  1968;  Pettigrew  and  Fell  1973).  Thiocyanate  levels  may  be 
quite  variable  within  individuals  (Barylko-Pikielna  and  Pangborn 
1968).  Assays  of  thiocyanate  are  insensitive  to  low  levels  of  smoking 
(Vogt  et  al.  1977)  and  are  often  poorly  correlated  with  self-reported 
sinoking  rates  or  actual  measures  of  puffing  patterns  (Abueg, 
CoUetti,  Rizzo  1986;  Burling  et  al.  1985;  Vogt  et  al.  1977).  Further- 
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more,  thiocyanate  levels  may  be  considerably  affected  by  consump- 
tion of  common  foods  (e.g.,  almonds,  tapioca,  cabbage,  broccoli,  and 
cauliflower;  Bliss  and  O'Connell  1984).  For  these  reasons,  cotinine  is 
a  generally  preferred  assay.  Cotinine,  a  major  metabolite  of  nicotine, 
is  detected  above  nonsmoker  levels  for  up  to  48  hr  after  a  single 
cigarette  is  smoked  (Zeidenberg  et  al.  1977).  Cotinine  levels  may 
persist  for  up  to  7  days  after  cessation  of  habitual  smoking  (Benowitz 
et  al.  1983).  Cotinine  assays  tend  to  be  expensive,  limiting  their 
usefulness.  Readings  will  not  accurately  reflect  smoking  in  individu- 
als who  use  nicotine  polacrilex  gum.  Immediate  feedback  to  subjects 
is  not  possible  with  thiocyanate  and  cotinine  measures. 

Biochemical  assays  do  not  provide  complete  information  concern- 
ing posttreatment  smoking  status.  Self-report,  although  not  ade- 
quate when  used  alone,  is  a  necessary  measure.  Also,  when  subjects 
are  aware  of  the  use  of  biochemical  assays,  their  self-reports  of 
abstinence  agree  well  with  assay  results  (Hall,  Rugg  et  al.  1984;  Hall, 
Sachs  et  al.  1984;  Glynn,  Gruder,  Jegerski  1986;  Raw  and  Russell 
li980).  However,  other  studies  have  found  no'  improvement  in  the 
accuracy  of  reporting  with  the  use  of  physiological  measure  (Bliss 
and  O'Connell  1984). 

Insufficient  attention  has  been  devoted  to  length  and  intensity  of 
treatment  as  determinants  of  outcome  (Chapter  V).  As  noted 
previously,  the  vast  majority  of  individuals  Who  have  quit  to  datie 
have  done  so  in  the  absence  of  formal  intervention.  Spontaneous 
remission  among  chronic  drug  users  has  been  observed  not  only  for 
tobacco  but  for  opioids  and  alcohol  as  well  (Chapter  V).  However, 
evidence  of  spontaneous  remission  does  not  justify  a  failure  to  treat 
chronic  smokers  who  are  (or  who  perceive  themselves  to  be)  unable 
to  achieve  abstinence  oh  their  own. 

Changing  social  norms  appear  to  be  extremely  significant  in  the 
recent  decline  in  smoking  prevalence  (Appendix  A).  Public  health 
approaches  have  the  potential  of  reaching  far  larger  numbers  of 
smokers  than  do  intensive  clinical  treatments,  yet  some  individuals 
obvibiikly  are  resistant  to  these  normative  influences.  Many  tobacco 
users  do  not  appear  responsive  to  minimal  contact  or  community 
interventions.  Sachs  (1986)  has  argued  that  highly  intensive  clinical 
procedures  may  be  cost-effective  for  certain  populations  of  high-risk 
smokers  (e.g.,  those  who  already  have  suffered  myocardial  infarc- 
tions). Some  individuals  persist  in  their  tobacco  use  despite  the 
presence  of  immediate  life-threatening  health  problems  related  to 
their  dependence. 

Other  issues  with  which  the  field  still  struggles  are  definitional, 
e.g.,  the  operational  definitions  of  abstinence  and  relapse.  Studies 
that  report  abstinence  rates  during  foUowup  split  on  whether  they 
require  continuous  abstinence  from  the  end  of  treatment  or  merely 
abstinence  at  the  point  of  foUowup.  Abstinence  levels  can  differ 
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substantially  depending  on  which  measure  is  used.  Failure  to  follow 
a  common  practice  in  reporting  outcome  (or  to  provide  sufficient 
information  to  allow  independent  calculations)  substantially  in- 
creases the  difficulty  of  comparing  success  rates  across  studies 
(Bigelow  and  Ossip-Klein  1986). 

The  National  Interagency  Council  on  Smoking  and  Health  formu- 
lated stringent  standards  for  the  evaluation  of  smoking  cessation 
programs.  Complete  cessation  including  total  abstinence  from  tobac- 
co in  all  forms  for  a  period  of  1  year  was  defined  as  the  primary 
criterion  for  success.  Several  major  health  agencies  (the  American 
Cancer  Society,  the  American  Heart  Association,  and  the  American 
Lung  Association)  have  endorsed  these  standards.  Biochemical 
validation  of  self-reported  abstinence  is  not  required  in  these 
guidelines.  The  guideline  fail  to  distinguish  between  an  isolated 
"slip"  and  actual  relapse  in  the  definition  of  successful  quitting 
(Ossip-Klein  et  al.  1986). 

Many  studies  still  fail  to  include  enough  subjects  to  permit 
adequate  statistical  power  and  to  promote  generalizability  of  results. 
Few  cessation  studies  have  used  validity  checks  to  determine  the 
extent  to  which  treatment  manipulations  actually  were  implement- 
ed effectively.  This  is  especially  important  when  counseling  strate- 
gies are  being  compared  (Hall,  Rugg  et  al.  1984;  Tiffany,  Martin, 
Baker  1986).  Counseling  manipulations  and  therapist  training  and 
experience  should  be  adequately  described,  and  validity  checks  of 
counseling  differences  should  be  incorporated  into  the  assessment 
plan.  Selection  of  subjects  represents  another  important  issue  (e.g., 
type  of  smoker,  cigarette  consumption,  prior  history  of  failures). 
Treatment  outcome  may  be  influenced  substantially  by  the  charac- 
teristics of  the  smokers  assigned  to  intervention. 

In  sum,  cessation  research  has  made  methodol(^cally  notable 
strides  in  that,  in  the  best  studies,  outcomes  are  verified  with 
multiple  assays  (including  biochemical  ones),  the  design  and  evalu- 
ations of  treatments  are  now  theory  driven,  improved  therapy 
process  measures  are  used,  and  a  variety  of  specific  pragmatic 
problems  such  as  subject  attrition  have  been  reduced.  These  im- 
provements are  recent,  however,  and  characterize  a  relatively  few 
published  studies. 

Conclusions 

Smoking  treatment  research  has  been  marked  by  considerable 
progress  since  it  was  reviewed  in  the  1979  Report  of  the  Surgeon 
General  (US  DHEW  1979),  both  in  methodological  sophistication  and 
to  a  lesser  extent  in  the  consistency  of  success  achieved  by  the  best 
multicomponent  cessation  programs. 

In  contrast  to  the  generally  positive  outcomes  of  multicomponent 
treatments,  there  is  mounting  evidence  that  no  single  intervention 
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constitutes  a  generally  effective  method.  In  the  case  of  multicompo- 
nent  treatment  interventions,  individual  components  should  comple- 
ment one  another.  Interventions  that  hold  promise  and  deserve 
additional  attention  are  low-aversion  directed-smoking  strategies, 
skill-training  treatments,  interventions  that  enhance  the  self-attri- 
bution  of  treatment  success,  and  interventions  that  train  individuals 
to  obtain  and  use  social  support  resources.  Low-aversion  smoking 
treatments  are  important  because  of  their  acceptability,  ease  of 
administration,  and  generally  promising  results  when  used  with 
other  treatment  elements.  Research  on  skills  training  should  explore 
the  extent  to  which  enhanced  clinical  outcomes  depend  on  the 
acquisition  and  actual  use  of  specific  smoking-relevant  skills.  Thera- 
peutic manipulations  that  enhance  self-attributions  of  success  or 
self-efficacy  estimates  could  have  wide  treatment  applicability.  The 
combination  of  increased  knowledge  and  skills,  self-efficacy,  and 
social  support  should  enhance  treatment  outcomes. 

Investigators  should  make  more  explicit  the  relationship  between 
theory  and  therapeutic  manipulations,  veilid  assessments  should  be 
tailored  to  tap  processes  implicated  by  theory  in  behavioral  change, 
and  greater  sample  sizes  should  be  included  in  treatment  evaluation 
studies.  Individual  differences  may  be  important  in  assigning 
smokers  to  combined  pharmacologic  and  behavioral  treatment 
(Hughes  1986).  Some  smokers  appear  to  resist  pharmacologic  inter- 
vention. Smokers  who  attribute  their  success  to  pharmacologic 
agents  may  be  at  increased  risk  for  relapse  when  these  agents  are 
withdrawn  (Davison  and  Valins  1969).  Conversely,  some  smokers 
accept  pharmacologic  treatment  but  refuse  behavioral  approaches. 
Many  of  these  refusals  stem  from  required  time  commitments  that 
the  smokers  view  as  excessive. 

Dissemination  of  effective  treatment  strategies  is  critically  need- 
ed. Considering  the  vast  body  of  treatment  literature  that  has 
accumulated,  surprisingly  little  systematic  transfer  to  community 
settings  has  occurred.  Many  treatment  programs  that  are  available 
(e.g.,  proprietary,  public  service)  have  not  been  subjected  to  rigorous 
evaluation.  Furthermore,  these  prc^ams  often  do  not  reflect  recent 
laboratory  findings.  This  is  especially  true  for  pharmacologic  ap- 
proaches. Very  few  applied  programs  adequately  address  nicotine 
replacement  therapies  or  other  potentially  relevant  pharmacologic 
ac^uncte  to  treatment.  Dissemination  is  especially  lacking  for 
minority  and  lower  SES  populations,  which  may  have  the  greatest 
need  for  these  types  of  services. 

Relapse 

As  in  many  areas  of  clinical  practice,  therapeutic  interventions 
have  been  developed  and  implemented  in  the  absence  of  a  complete 
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understanding  of  the  processes  being  treated.  Future  development  of 
smoking  cessation  treatments  designed  to  maintain  abstinence  in 
the  face  of  high  relapse  prevalence  should  benefit  greatly  from  an 
expanded  knowledge  base  that  is  being  accumulated  concerning  the 
correlates  and  determinants  of  smoking  relapse. 

Research  has  shown  that  smoking  cessation  is  a  process  involving 
several  discrete  stages.  These  stages  include  precontemplation, 
contemplation^  decision,  action,  and  maintenance  (Prochaska  and 
Diaemente  1983,  1985,  1986;  DiGlemente  and  Prochaska  1986; 
Prochaska  et  al.  1985;  Velicer  et  al.  1985;  Wilcox  et  al.  1985).  This 
Section  considers  recent  research  on  factors  related  to  successful 
maintenance  of  nonsmoking  once  initial  cessation  has  been  achieved 
during  the  action  stage.  Studies  of  long-term  outcomes  in  smoking 
cessation  indicate  that  relapse,  rather  than  maintenance,  is  the  most 
prevalent  outcome  during  this  stage.  Hunt  and  his  colleagues  (Huiit, 
Barnett,  Branch  1971;  Hunt  and  Matarazzo  1973)  showed  that  over  a 
wide  range  of  treatments,  relapse  rates  of  75  to  80  percent  could  be 
expected  among  smokers  who  achieved  initial  cessation  (Figure  2, 
Chapter  V).  These  findings  have  been  replicated  many  times  in 
recent  treatment  outcome  studies  (Schwartz  1987).  It  should  be 
noted,  however,  that  these  relapse  rates  are  based  on  single  quit 
attempts.  Cumulative  long-term  abstinence  rates  covering  multiple 
quit  attempts  may  be  considerably  better  (Schachter  1982). 

Definiug  Relapse 

Given  that  relapse  depends  on  the  achievement  of  initial  cessation, 
definitions  of  relapse  must  include  a  definition  of  cessation.  In 
addition,  many  investigators  distinguish  between  a  "slip"  or  smoking 
one's  first  cigarette  and  a  "relapse"  or  return  to  regular  smokirig 
(Brownell  et  al.  1986).  The  National  Working  Conference  on  Smok- 
ing Relapse  recommended  a  duration  of  24  hr  of  continuous  tobacco 
abstinence  to  define  initial  cessation.  A  slip  was  defined  as  a  "period 
of  not  more  than  6  consecutive  days  of  smoking  following  at  least  24 
hr  of  abstinence"  (Ossip-Klein  et  al.  1986).  Smoking  beyond  6 
consecutive  days  was  then  defined  as  a  relapse.  These  definitions  of 
quit  episode,  slip,  and  relapse  are  somewhat  lenient.  Many  investiga- 
tors require  a  longer  period  of  initial  abstinence  (e.g.,  48  hr  or  1 
week)  for  a  quit  episode  and  regard  even  a  few  smoking  occasions  as 
a  relapse  rather  than  a  slip.  Considerable  data  indicate  that  an 
initial  slip  is  highly  predictive  of  subsequent  relapse  (Brandon, 
Tiffany,  Baker  1986;  Ossip-Klein  et  al.  1986). 

Conceptual  Frameworks 

Research  on  the  relapse  process  has  focused  pn  two  general  areals: 
(1)  identifjdng  factors  that  predispose  individuals  to  relapse  or  to 
successful  maintenance  and  (2)  identifying  factors  that  precipitate  or 
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immediately  precede  the  return  to  smoking  following  initial  success 
(Shiffman  et  al.  1986).  Predisposing  factors  include  characteristics  of 
individuals  and  their  environments  that  make  them  more  or  less 
vulnerable  to  relapse  as  they  begin  the  maintenance  process. 
Precipitating  factors  relate  to  the  circumstances  surroimding  a 
specific  relapse  situation  or  smoking  the  first  cigarette  following  a 
period  of  abstinence. 

Social  learning  theory  has  provided  a  useful  framework  for  much 
of  the  research  on  predisposing  factors  (Bandura  1977b;  Brownell  et 
al.  1986;  Leventhal  and  Cleary  1980;  Shiffman  et  al.  1986).  From  this 
perspective,  the  effects  of  environmental  or  behavioral  elements  on 
maintenance  of  nonsmoking  are  mediated  by  individual  factors  such 
as  prior  experience  with  smoking  cessation  and  beliefs  about  the 
cessation  process.  In  addition  to  personal  demographic  characteris- 
tics, predisposing'  variables  examined  that  are  consistent  with  this 
framework  include  smoking  and  quitting  history,  social  factors 
(social  support  and  the  presence  of  smoking  cues  in  the  social 
environment),  stress,  and  cognitive  factors  such  as  self-efficacy, 
outcome  attributions,  and  perceptions  about  the  consequences  of 
quitting  smoking  (Chapter  VI). 

Marlatt  and  Gordon's  model  of  the  relapse  process  (Marlatt  and 
Gordon  1980,  1985)  has  provided  the  foundation  for  much  of  the 
research  on  the  circumstances  associated  with  initial  slips  and 
sugg^ts  specific  hypotheses  regarding  factors  that  mediate  the 
transition  from  an  initial  slip  to  a  full-blown  relapse.  This  model 
proposes  that  initial  smoking  following  a  period  of  abstinence  is 
likely  to  occur  in  certain  types  of  high-risk  situations.  As  suggested 
by  the  types  of  predisposing  factors  listed  above,  high-risk  situations 
could  include  intrapersonal  factors  such  as  negative  affect  and 
severe  withdrawal  symptoms  following  a  long  history  of  heavy 
smoking.  The  first  determinant  of  whether  smoking  occurs  in  a  high- 
risk  situation  is  whether  the  individual  uses  specific  strategies  to 
cope  with  the  situation.  Succ^sful  coping  is  assumed  to  lead  to 
increased  confidence  in  one's  ability  to  maintain  abstinence,  thereby 
decreasing  the  probability  of  relapse.  Failure  to  cope  in  the  situation  . 
coupled  with  positive  expectations  about  the  effects  of  smoking  can 
lead  to  an  initial  slip.  The  Abstinence  Violation  Effect  (AVE)  is 
proposed  as  the  major  mediating  factor  between  an  initial  slip  and  a 
full-blown  relapse.  Defined  as  an  attributional  construct  (Curry, 
Marlatt,  Gordon  1987;  Marlatt  and  Gordon  1986),  the  AVE  is 
characterized  by  internal,  stable,  and  global  causal  attributions  for 
smoking  the  initial  cigarette.  Research  on  specific  factors  within 
these  conceptual  frameworks  is  reviewed  below. 
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Predisposing  Factors 

Demographics 

To  the  extent  that  demographic  factors  are  related  to  initial 
cessation,  the  population  of  individuals  who  achieve  cessation  and 
are  "eligible"  for  relapse  is  relatively  homogeneous.  It  is  not 
surprising,  therefore,  that  the  majority  of  studies  that  examined 
these  variables  have  not  found  differences  in  relapse  rates  by 
socioeconomic  status  (Campbell  1983;  Eisinger  1971;  Evans  and  Lane 
1981;  Garvey,  Heinold,  Rosner,  in  press;  Hirvonen  1983;  Horwitz, 
Hindi-Alexander,  Wagner  1985;  Jacobs  et  al.  1971),  age  (Coppotelli 
and  Orleans  1985;  Cummings  et  al.  1986;  Evans  and  Lane  1981; 
Hirvonen  1983;  Horwitz,  Hindi-Alexander,  Wagner  1985;  Jacobs  et 
al.  1971),  or  gender  (Eisinger  1971;  Evans  and  Lane  1981;  Shapiro 
and  Gunn  1985;  Horwitz,  Hindi-Alexander,  Wagner  1985).  Excep- 
tions to  the  findings  for  age  include  one  study  that  found  an  inverse 
relationship  (Garvey,  Heinold,  Rosner,  in  press)  and  two  studies 
reporting  a  positive  relationship  between  age  and  long-term  success 
(Campbell  1983;  Eisinger  1971).  One  study  did  report  that  males 
were  more  successful  than  were  females  at  long-term  maintenance 
(Hirvonen  1983). 

Although  women  and  men  may  be  equally  likely  to  relapse,  data 
suggest  that  their  return  to  smoking  is  precipitated  by  different 
factors.  Hirvonen  (1983)  reports  that  men  more  frequently  cited 
alcohol  consumption  and  strong  cravings  as  causes  of  relapse, 
whereas  women  more  often  cited  the  influence  of  other  smokers  and 
negative  affect.  In  a  prospective  study.  Swan  and  colleagues  (in 
press)  found  that  craving  predicted  relapse  for  women  and  not  for 
men,  while  psychological  withdrawal  symptoms  predicted  relapse 
among  men  but  not  women.  Studies  that  have  analyzed  reports  of 
specific  relapse  episodes  (Shiffman  1982,  1986a)  have  found  no 
gender  differences. 

The  large  study  by  Swan  and  coworkers  (in  press)  of  treated 
smokers  suggests  that  sex  differences  in  factors  associated  with 
relapse  may  be  pervasive.  They  found  almost  no  overlap  between 
men  and  women  in  the  factors  that  predicted  relapse.  The  following 
factors  predicted  relapse  among  women,  but  not  men:  the  machine- 
rated  nicotine  delivery  of  cigarettes,  employment  status,  rated 
likelihood  of  success,  and  lower  work  strain.  Among  men,  relapse 
was  predicted  by  greater  stress  (hassles)  and  higher  work  strain. 
Campbell  (1983)  also  reports  sex  differences  in  predictors  of  outcome, 
some  of  which  contradict  Swan's  findings,  and  Guilford  (1967) 
reports  sex  differences  on  almost  all  aspects  of  cessation  and 
maintenance.  Although  it  may  be  premature  to  draw  conclusions 
about  the  causes  of  relapse  among  males  and  females,  clearly  sex 
differences  must  be  examined  in  future  work. 
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Smoking  and  Quitting  History 
Smoking  History 

Most  studies  indicate  that  the  length  of  a  person's  smoking  history 
influences  the  process  of  initial  cessation  (Pomerleau,  Adkins, 
Pertschuk  1978)  but  is  unrelated  to  relapse  (Ashenberg  1983;  Carl 
1980;  Coppotelli  and  Orleans  1985;  Cummings  et  al.  1985;  EJvans  and 
Lane  1981;  Garvey,  Heinold,  Rosner,  in  press;  Hirvonen  1983; 
Horwitz,  Hindi-Alexander,  Wagner  1985;  Jacobs  et  al.  1971;  Pomer- 
leau, Adkins,  Pertschuk  1978;  Swan  et  al.,  in  press).  The  two  studies 
that  report  relationships  between  length  of  smoking  history  and 
relapse  are  contradictory,  with  one  reporting  that  smoking  longer 
increased  relapse  risk  (Graham  and  Gibson  1971)  and  the  other 
reporting  an  inverse  relationship  between  the  duration  of  smoking 
and  the  risk  of  relapse  (Eisinger  1971). 

Conflicting  findings  have  been  reported  for  the  number  of  ciga- 
rettes smoked  per  day.  Although  there  are  some  positive  findings 
(Ockene  et  al.  1982;  Shapiro  and  Gunn  1985),  most  studies  suggest 
that  the  nxmiber  of  cigarettes  smoked  is  not  a  good  predictor  of 
relapse  (Campbell  1983;  Coppotelli  and  Orleans  1985;  Cummings  et 
al.  1985;  Eisinger  1971;  Evans  and  Lane  1981;  Graham  and  Gibson 
1971;  Hirvonen  1983;  Horwitz,  Hindi-Alexander,  Wagner  1985; 
Jacobs  et  al.  1971;  Pomerleau,  Adkins,  Pertschuk  1978;  Swan  et  al., 
in  press).  A  few  studies  do  find  an  effect  of  the  number  of  cigarettes 
smoked  on  initial  cessation  (Hirvonen  1983).  Precessation  cigarette 
consumption  has  been  positively  associated  with  the  length  of  time 
between  having  an  initial  lapse  and  a  return  to  regular  smoking 
(Brandon,  Tiffany,  Baker  1986).  It  should  be  noted,  however,  that 
number  of  cigarettes  is  only  a  rough  indicator  of  actual  intake, 
particularly  for  levels  above  20  cigarettes/day. 

Kabat  and  Wynder  (1987)  reported  that  the  time  between  waking 
up  and  smoking  the  first  cigarette  was  a  good  predictor  of  outcome. 
This  variable  represents  one  item  on  the  Fagerstrom  Tolerance 
Questionnaire  (Fagerstrom  1978)  and  appears  to  be  strongly  related 
to  ph3rsical  dependence. 

Smoking  Typologies 

Although  their  predictive  value  has  been  questioned  (Joffe,  Lowe, 
Fisher  1981),  smoking  tjrpologies  have  been  widely  used  in  an 
attempt  to  classify  smokers  or  smoking  situations  (e.g.,  smoking  for 
stimulation,  handling,  relaxation;  Ikard,  Green,  Horn  1969).  The 
strongest  evidence  for  the  relationship  of  type  of  smoking  to  relapse 
has  been  found  with  people  who  smoke  to  control  negative  affect.  In 
a  widely  cited  study,  Pomerleau,  Adkins,  and  Pertschuk  (1978) 
reported  that  people  who  said  they  smoked  when  experiencing 
negative  affect  were  more  likely  to  relapse.  Similarly,  Campbell 
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(1983)  reported  that  smokers  who  experience  craving  when  emotion- 
ally upset  were  more  likely  to  relapse.  These  findings  are  diluted, 
however,  by  those  of  other  studies  showing  no  relationship  between 
negative-affect  smoking  and  relapse  (Coppotelli  and  Orleans  1985; 
Eisinger  1971;  Garvey,  Heinold,  Rosner,  in  press;  Jacobs  et  al.  1971). 

Quitting  History 

Several  studies  have  found  a  positive  relationship  between  number 
of  previous  quit  attempts  and  success  in  quitting  smoking  (Brandon, 
Zelman,  Baker,  in  press;  Tiffany,  Martin,  Baker  1986).  However, 
other  studies  report  no  relationship  between  the  number  of  prior 
quit  attempts  and  relapse  (Swan  et  al.,  in  press;  Horwitz,  Hindi- 
Alexander,  Wagner  1985;  Cummings  et  al.  1985;  Coppotelli  and 
Orleans  1985;  Ockene,  Benfari  et  al.  1982).  Some  studies  in  fact 
report  that  subjects  with  fewer  previous  quit  attempts  are  more 
successful  in  maintenance  (Horwitz,  Hindi-Alexander,  Wagner  1985; 
Graham  and  Gibson  1971;  Grarvey,  Heinold,  Rosner,  in  press).  Garvey 
and  Hitchcock  (1987)  foimd  that  among  recidivists,  smokers  mth 
more  past  experience  in  quitting  showed  a  slower  rate  of  progression 
to  regular  smoking.  Gottlieb  and  coworkers  (1981)  and  Hirvonen 
(1983)  also  report  data  that  suggest  a  positive  relationship  between 
duration  of  the  longest  previous  cessation  effort  and  successful 
maintenance.  Clearer  descriptions  of  quitting  history  with  respect  to 
both  number  of  previous  quit  attempts  and  duration  of  abstinent 
periods  would  be  helpful  in  evaluating  the  relationship  between  quit 
attempts  and  outcome. 

Withdrawal  and  Dependence 

Withdrawal  symptoms,  whether  elicited  by  acute  deprivation  or  by 
conditioned  stimuli,  are  h3rpothesized  to  be  the  link  between 
dependence  and  relapse  (Baker,  Morse,  Sherman  1987;  Shiffman 
1979;  Wikler  1965).  The  tobacco  withdrawal  ^ndrome  consists  of  a 
cluster  of  symptoms  that  are  typically  experienced  after  even  brief 
or  partial  tobacco  deprivation  (Hughes  and  Hatsukami  1986;  Ameri- 
can Psychiatric  Association  1980,  1987;  Chapter  IV).  The  sjonptoms 
include  craving  for  cigarettes,  irritability,  anxiety,  difficulty  in 
concentrating,  restlessness,  and  increased  appetite  (American  Psy- 
chiatric Association  1987).  Some  physical  signs  are  also  commonly 
reported,  but  with  the  possible  exception  of  bradycardia,  these 
appear  to  be  less  consistent  (Shiffman  1979;  Hughes  and  Hatsukami 
1986).  Especially  significant  is  the  fact  that  the  syndrome  has  a  rapid 
onset  and  generally  declines  within  2  weeks  (Shiffman  1979; 
Shiffman  and  Jarvik  1976;  Cummings  et  al.  1985;  Gottlieb  1985). 

Several  studies  have  examined  the  role  of  withdrawal  symptoms 
as  predisposing  factors  for  relapse.  In  a  retrospective  study.  Bums 
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(1969)  reported  that  recidivists  cited  withdrawal  symptoms  as  the 
most  common  reason  for  relapse.  Other  retrospective  studies  at  least 
partially  support  this  finding  (Garvey,  Heinold,  Rosner,  in  press; 
though  see  Evans  and  Lane  1981).  Gottlieb  (1985)  found  that  both 
physical  and  psychological  withdrawal  symptoms  predicted  early 
relapse  in  a  group  of  treated  smokers;  S3rmptoms  accounted  for  14 
percent  of  the  variance  in  smoking  after  2  weeks.  Other  investigators 
have  also  found  that  mood  disturbance,  a  possible  withdrawal 
symptom,  predicts  relapse  (Hall  et  al.  1984;  Hirvonen  1983;  Manley 
and  Boland  1983).  Manley  and  Boland  (1983)  found  that  mood 
disturbance  characterized  relapsers  even  before  they  quit  and  after 
they  resumed  smoking.  The  literature  also  includes  negative  find- 
ings (Garvey,  Heinold,  Rosner,  in  press;  Hughes  and  Hatsukami 
1986;  Swan  and  Denk,  in  press;  Swan  et  al.,  in  press). 

Although  craving  is  difficult  to  define  precisely  (Kozlowski  and 
Wilkinson  1987),  a  number  of  studies  have  reported  relationships 
between  craving  and  relapse  (Campbell  1983;  Garvey,  Heinold, 
Rosner,  in  press;  Gottlieb  1985;  Hirvonen  1983).  The  effect  appears  to 
be  more  marked  among  female  smokers,  with  several  studies 
reporting  that  it  is  a  significant  predictor  of  relapse  only  among 
women  (Guilford  1967;  Gunn  1986;  Swan  et  al.,  in  press). 

Cognitive  Factors 

Concern  About  Weight  Gain 

Quitting  smoking  often  results  in  weight  gain  (Grunberg  1986; 
Chapter  IV).  Multiple  factors  may  contribute  to  postcessation  weight 
gain,  including  decreased  metabolism,  increased  food  consumption, 
and  increased  preference  for  sweet-tasting,  high-caloric  foods  (Grun- 
bei^  1982).  Highly  dependent  smokers  and  those  who  tend  to  eat  in 
response  to  specific  emotional  and  environmental  cues  appear  to  be 
at  greatest  risk  of  gaining  weight  following  smoking  cessation 
(Emont  and  Cimimings  1987;  Hall,  Ginsberg,  Jones  1986;  Chapter 

The  data  relating  concern  about  weight  gain  to  relapse  are 
inconsistent.  Klesges  and  Klesges  (in  press)  found  that  women  were 
more  likely  to  report  relapse  for  weight-related  reasons.  Other 
studies  have  found  that  concern  about  weight  gain  was  not  a  major 
determinant  of  relapse  (Fuller  1982;  Greaves,  Barnes,  Vulcano  1983; 
Hirvonen  1983;  Shapiro  and  Gunn  1985).  Though  there  are  excep- 
tions (DiClemente  1981),  studies  typically  report  that  recidivists 
experience  less  weight  gain  than  successful  abstainers  (Manley  and 
Boland  1983;  Hall,  Ginsberg,  Jones  1986).  In  at  least  some  of  these 
studies,  this  cannot  be  confounded  by  the  effects  of  continued 
abstinence,  because  the  studies  used  prospective  designs  in  which 
weight  gain  was  assessed  prior  to  relapse  (Hall,  Ginsberg,  Jones 
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1986).  Even  so,  the  possibility  remains  that  relapsers  are  more 
weight  conscious  in  the  first  place  and  exert  greater  efforts  to  curtail 
initial  weight  gain  (Hall,  Ginsberg,  Jones  1986;  Herman  and  Polivy 
1975).  Smoker  perceptions  concerning  weight  gain  may  be  critical. 
For  some  individuals,  a  gain  of  only  2  or  3  pounds  may  be  viewed  as  a 
cause  for  great  concern.  Other  individuals  may  be  essentially 
indifferent  to  weight  gains  of  15  to  20  pounds. 

Self-Efficacy 

Bandura  (1977a,  1982)  proposed  a  common  mechanism  underl3dng 
behavioral  change  achieved  by  different  procedures:  successful 
psychological  interventions  all  function  by  creating  and  strengthen- 
ing expectations  of  personal  mastery  or  efficacy.  An  efficacy 
expectation  is  the  conviction  that  one  can  execute  the  behaviors 
necessary  to  achieve  a  desired  outcome.  Such  expectations  are 
assumed  to  affect  the  initiation  of  coping  behavior,  the  amount  of 
effort  that  will  be  expended  to  maintain  coping  behavior,  and  the 
persistence  of  coping  behavior  in  the  face  of  external  and  internal 
obstacles. 

Self-efficacy  is  an  important  construct  in  Marlatt's  theory  of 
relapse.  Marlatt's  theory  specifies  that  people's  ability  to  resist  the 
use  of  a  substance  (e.g.,  cigarettes)  in  a  high-risk  situation  depends 
on,  among  other  factors,  their  self-efficacy  level  (Marlatt  and  Gordon 
1980).  If  people  have  expectations  that  they  can  cope  with  a  smoking 
urge  without  smoking,  they  are  less  likely  to  relapse.  Moreover, 
people  who  successfully  resist  temptation  should  experience  an 
increase  in  self-efficacy.  The  theory  also  states  that  self-efficacy  is  a 
determinant  of  whether  people  who  experience  an  initial  lapse  are 
able  to  prevent  escalation  to  full  relapse. 

Various  scales  assumed  to  measure  self-efficacy  have  predicted 
smoking  status  at  foUowup  (Coelho  1984;  DiClemente  1981;  KUlen  et 
al.  1984;  Mclntyre,  Lichtenstein,  Mermelstein  1983;  Ockene  et  al. 
1982;  Yates  and  Thain  1985)  and  latency  from  treatment  end  to 
relapse  (Brandon,  Tiffany,  Baker  1986;  Brandon,  Zelman,  Baker,  in 
press;  Erickson  et  al.  1983;  Tiffany,  Martin,  Baker  1986).  Efficacy 
ratings  have  also  predicted  smoking  intake  after  a  controlled-smok- 
ing  intervention  (Godding  and  Glasgow  1985)  and  have  differentiated 
joiners  from  nonjoiners  of  a  smoking  treatment  program  (Brod  and 
Hall  1984). 

Important  qualifications,  however,  relate  to  the  timing  of  the 
relapse  assessment  and  the  subject  sample  observed.  Studies  predict- 
ing relapse  that  are  based  on  all  treatment  subjects  (including  those 
who  never  achieve  abstinence)  will  achieve  higher  correlations  with 
outcome  than  will  studies  assessing  only  abstinent  subjects.  Self- 
efficacy  is  a  less  useful  predictor  when  measured  shortly  after 
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cessation  rather  than  after  1  or  2  months  of  abstinence  (Baer,  Holt, 
Lichtenstein  1986). 

Condiotte  and  Lichtenstein  (1981)  reported  seven  distinguishable 
clusters  of  smoking  situations  and  found  a  congruence  between  the 
situation  clusters  for  which  subjects  indicated  low  self-efficacy  and 
the  clusters  that  comprised  their  actual  relapse  situations.  However, 
a  conceptual  replication  of  the  use  of  efGcacy  subscales  has  not 
demonstrated  utility  (Baer,  Holt,  Lichtenstein  1986).  Thus,  at  this 
point  situation-specific  self-efficacy  assessments  have  not  proved  to 
be  of  value. 

Self-efficacy  may  reflect  the  influence  of  diverse  treatments  or 
smoking  history  variables  related  to  cessation  success.  Skills  train- 
ing, for  example,  might  be  effective  to  the  extent  that  it  enhances 
smokers'  beliefs  that  they  can  cope  with  temptation.  Aversion 
therapy  might  be  effective  to  the  extent  that  smokers  attribute  their 
self-punishment  to  their  high  motivation  to  quit  and  their  ability  to 
use  available  resources  to  help  stay  abstinent.  Self-ef!icacy  may  in 
fact  be  confounded  with  Bandura's  (1977a)  concept  of  outcome 
expectancy.  Rather  than  measuring  subjects'  convictions  that  they 
could  execute  specific  coping  behaviors,  most  of  the  studies  simply 
assessed  subjects'  confidence  that  they  would  resist  the  urge  to 
smoke  in  the  future. 

The  global  construct  of  self-efficacy  is  somewhat  ambiguous.  Self- 
efficacy  may  include  not  only  response  effectiveness,  but  also 
motivation  to  quit  and  judgment  of  skills  necessary  to  undertake  the 
quitting  program.  Self-efficacy  as  a  global  predictor  can  be  useful. 
However,  it  may  be  more  important  to  assess  what  skills  individuals 
learn  from  different  treatment  components.  A  better  understanding 
of  the  process  of  acquiring  competency  in  quitting  is  needed. 
Knowledge  of  the  specific  treatment  components  that  enhance  self- 
efficacy  could  be  significant  in  developing  and  refining  effective 
interventions. 

Outcome  Attributions 

Attribution  theory  suggests  that  individuals  who  attribute  their 
behavioral  chaise  to  internal  factors  are  more  likely  to  successfully 
maintain  their  change  (Davison  and  Valins  1969).  This  hypothesis 
was  supported  in  a  study  by  Harackiewicz  et  al.  (1987)  which  found 
that,  for  individuals  participating  in  intrinsically  oriented  treatment 
programs  (a  self-help  manual  emphasizing  individual  cessation 
efforts  either  with  or  without  nicotine  poLacrilex  gum),  internal 
attributions  for  initial  success  were  significantly  related  to  longer 
maintenance  of  nonsmoking.  Contrary  to  the  hypothesis,  however, 
these  investigators  found  that  external  attributions  were  positively 
related  to  long-term  maintenance  for  individuals  participating  in 
extrinsically  oriented  treatment  (nicotine  polacrilex  gum  with  a  self- 
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help  manual  emphasizing  a  doctor's  prescribed  program).  These 
findings  suggest  that  the  degree  of  consistency  between  attributions 
for  initial  success  and  the  orientation  of  the  cessation  approach  can 
affect  the  probability  of  relapse. 

Social  Factors 
Smoking  Cues 

Most  exposure  to  smoking-specific  cues  is  socially  mediated— e.g., 
watching  others  smoke.  Such  exposures  have  been  labeled  '^social 
coiitagion"  (Shiffman  and  Jarvik  1987).  Few  studies  have  assessed 
social  contagion  directly.  Many  studies  have,  however,  examined  the 
effect  of  having  a  spouse,  friends,  or  coworkers  who  smoke. 

The  literature  on  the  effect  of  spouse  smoking  status  is  surprising- 
ly contradictory.  Several  studies  report  moderate-to-large  increases 
in  the  probability  of  relapse  among  subjects  with  a  smoking  spouse 
(Campbell  1983;  Graham  and  Gibson  1971;  Mclntyre-Kingsolver, 
Lichtenstein,  Mermelstein  1986;  Tongas,  Patterson,  Goodkind  1976). 
Some  studies,  though,  report  no  effect  of  spousal  smoking  (Horwitz, 
Hindi-Alexander,  Wagner  1986;  Garvey,  Heinpld,  Rosner,  in  press; 
Swan  et  al.,  in  press). 

One  possible  explanation  for  the  inconsistent  findings  is  that  the 
influence  of  spousal  smoking  is  so  strong  that  it  often  prevents  initial 
cessation.  This  would  cause  the  effect  to  be  only  sporadically 
observed  in  maintenance.  The  effects  of  spouse  smoking  status  may 
also  be  complicated  by  interactions  with  social  support.  The  risk 
incurred  by  having  a  smoking  spouse  may  be  reduced  or  eliminated 
if  the  spouse  is  supportive  (Mermelstein,  Lichtenstein,  Mclntjrre 
1983).  This  may  be  especially  true  if  the  spouse  refrains  from 
smoking  in  the  presence  of  the  subject,  thereby  resulting  in  fewer 
exposures  to  smoking  cues. 

The  data  on  friend  smoking  are  clearer.  Several  studies  find  that 
subjects  who  have  more  smokere  among  their  friends  are  more  likely 
to  relapse  (Eisinger  1971;  Garvey,  Heinpld,  Rosner,  in  press;  0>ckene 
et  al.  1982;  Gottlieb  et  al.  1981;  Goldstein  1981).  One  study  failed  to 
replicate  this  effect  (Swan  et  al.,  in  press).  Brandon,  Tiffany,  and 
Baker  (1986)  found  that  smokers  having  a  lapse  cigarette  in  the 
presence  of  other  smokers  progressed  to  regular  smoking  more 
quickly  than  did  other  lapsers.  The  most  parsimonious  explanations 
of  these  social  contagion  effects  are  that  people  with  many  smoking 
friends  tiend  to  experience  more  exposure  to  smoking  cues  and  that 
cigarettes  are  likely  to  be  more  readily  available  to  them. 

Social  Support 

Social  support  can  serve  as  a  buffer  to  reduce  the  negative 
psychological  effects  of  stressors  (Cobb  1976;  Cohen,  Sherrod,  Clark 
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1986;  Cohen  and  Wills  1985;  Dean  and  Lin  1977).  Correlational 
studies  have  found  that  the  level  of  perceived  social  support  is 
related  to  smoking  cessation  and  maintenance.  Coppotelli  and 
Orleans  (1985),  for  example,  examined  the  determinants  of  mainte- 
nance among  women  who  recently  quit  smoking.  They  found  that  a 
measure  of  "partner  facilitation"  (problem  solving,  rewarding  quit- 
ting, understanding,  listening,  and  facilitating  coping  responses) 
accounted  for  32  percent  of  the  outcome  variance  at  6  to  8  week 
postcessation.  General  social  support  from  spouses,  as  well  as 
smoking-specific  spousal  support,  has  been  related  to  smoking 
treatment  outcome  (Horwitz,  Hindi-Alexander,  Wagner  1985;  Mer- 
melstein  et  al.  1986;  Mermelstein,  Lichtenstein,  Mclntyre  1983; 
Eilthough  see  Glasgow  et  al.  1985). 

Global  Support 

Global  support  has  usually  been  assessed  as  perceived  support. 
Using  the  Interpersonal  Support  Evaluation  List  (ISEL;  Cohen  and 
Hoberman  1983)  to  measure  support,  Mermelstein  and  coworkers 
(1986)  found  tiiat  greater  perceived  support  (having  someone  to  talk 
to  about  personal  matters)  predicted  maintenance  at  a  3-month 
followup.  However,  the  ISEL  was  unrelated  to  smoking  status  at  6  or 
12  months,  and  the  3-month  findings  were  not  replicated  in  a  second 
study  by  the  same  investigators  (Mermelstein  et  al.  1986).  As  noted 
above,  Coppotelli  and  Orleans  (1985)  found  that  women  who  reported 
receiving  greater  support  from  their  husbands  were  more  likely  to 
maintain  abstinence.  There  was  no  comparison  group  of  male 
subjects. 

Smoking-Speclfic  Support 

Several  studies  have  examined  the  role  of  social  support  directed 
at  smoking  cessation.  The  most  thorough  investigations  of  specific 
support  have  been  conducted  by  researchers  at  the  University  of 
Oregon,  who  developed  the  Partner  Interaction  Questionnaire  (PIQ; 
Mermelstein,  Lichtenstein,  Mclntyre  1983)  to  assess  perceived 
helper  behaviors.  These  investigators  found  that  perceived  help- 
fulness of  partner  behaviors  was  related  to  cessation  and  mainte- 
nance. The  actual  number  of  partner  behaviors  was  not  related  to 
outcome;  however,  a  measure  of  the  character  of  the  interactions 
was  related.  A  cluster  of  partner  behaviors  labeled  "Support  and 
Encouragement"  (e.g.,  expressing  understanding  or  pride)  was 
related  to  maintenance  of  abstinence.  In  contrast,  a  cluster  of 
behaviors  involving  "Nagging  and  Policing"  (Mermelstein,  Lichten- 
stein, Mclntyre  1983)  predicted  relapse.  Subsequent  studies  using 
the  PIQ  have  only  partially  replicated  these  findings  (Lichtenstein, 
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Glasgow,  Abrams,  in  press;  Malott  et  al.  1984;  Mclntyre-Kingsolver, 
Lichtenstein,  Mermelstein  1986). 

Other  studies  using  other  measures  have  also  yielded  mixed 
results.  In  a  large  prospective  study,  Prochaska,  DiClemente,  and 
colleagues  (Prochaska  and  DiClemente  1983;  DiClemente  and  Pro- 
chaska 1985;  Prochaska  et  al.  1985)  reported  that  social  support 
predicted  continuing  abstinence.  However,  several  other  research 
groups  have  failed  to  find  evidence  that  smoking-^pecific  support 
aids  maintenance  (Elvans  and  Lane  1981;  Ockene  et  al.  1982;  Garvey, 
Heinold,  Rosner,  in  press). 

Stress 

Some  studies  have  used  the  life  events  approach  to  the  assessment 
of  stress  (Holmes  and  Rahe  1967).  This  technique  asks  subjects  about 
msgor  life  events  that  have  occurred  since  the  subjects  stopped 
smoking.  Most  studies  have  found  little  or  no  relationship  between 
life  stress  events  and  relapse  (Shapiro  and  Gunn  1985;  Shiffman, 
Read,  Jarvik  1985).  This  may  be  because  life  stress  events  are 
relatively  uncommon. 

Recent  research  on  stress  has  begun  to  focus  on  more  frequent  and 
smaller-scale  stressors,  which  Lazarus  and  colleagues  (1981)  and 
DeLongis  and  coworkers  (1982)  have  called  "Hassles."  The  Hassles 
Scale  assesses  the  frequency  and  perceived  severity  of  everyday 
stressors,  such  as  having  difficulties  with  coworkers  or  not  having 
enough  time  for  recreation.  Swan  and  colleagues  (Swan  and  Denk,  in 
press;  Swan  et  al.,  in  press)  found  that  hassles  during  the  second 
month  of  abstinence  only  weakly  predicted  outcomes  at  1  year.  The 
effect  of  hassles  was  more  reliable  for  men  than  for  women. 

A  somewhat  different  approach  to  exsmiining  background  stress 
was  taken  by  CJohen  and  his  colleagues,  who  developed  and  used  the 
Perceived  Stress  Scale  (PSS).  The  PSS  measures  perceived  stress  and 
demoralization  without  reference  to  particular  events  or  sources  of 
stress.  Cohen  and  colleagues  found  that  PSS  scores  did  predict 
relapse  and  that  they  were  strongly  associated  with  daily  cigarette 
consumption  among  recidivists. 

Stress  and  coping  theories  of  smoking  imply  that  deficiencies  in 
personal  resources  for  coping  with  stress  may  enhance  the  risk  of 
relapse  (Wills  and  Shiffman  1985).  Using  the  Ways  of  Coping 
checklist,  Ashenberg  (1983)  assessed  how  subjects  who  had  quit 
smoking  coped  with  stress  in  situations  that  are  often  associated 
with  relapse.  There  were  no  differences  between  relapsers  and 
abstainers  in  the  kinds  of  coping  reported,  but  abstainers  reported 
using  fewer  coping  strategies.  The  meaning  of  this  finding  is  unclear. 
Abstainers  could  have  experienced  less  severe  stress  or  less  severe 
threats  to  abstinence,  and  therefore  needed  fewer  coping  responses. 
Conversely,  abstainer  coping  responses  could  have  been  more 
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effective,  therefore  mitigating  the  need  for  more  coping.  Also,  when 
Ashenberg  examined  recidivists,  stressful  situations  associated  with 
coping  were  found  to  be  less  likely  to  lead  to  relapse  than  those  not 
associated  with  coping. 

Precipitating  Factors 

High-Risk  Situations 

A  number  of  studies  support  the  theory  that  initial  smoking 
following  cessation  tends  to  occur  in  specific  types  of  high-risk 
situations.  Work  by  Marlatt  and  his  associates  (Marlatt  and  Gordon 
1980,  1985)  has  identified  craving/withdrawal,  intrapersonal  nega- 
tive emotional  states  (e.g.,  frustration,  boredom,  and  anxiety), 
interpersonal  conflict  situations,  and  social  pressure,  both  direct  and 
indirect,  as  common  types  of  high-risk  situations.  Shiffman  (1986c) 
and  Baer  and  Lichtenstein  (in  press)  clustered  data  on  the  precipi- 
tants  of  relapse  crises  and  lapses. 

Data  from  studies  of  relapse  episodes  confirm  that  smoking  cues 
are  often  involved  in  smoking  relapse.  Several  studies  report  the 
smoking  of  others  in  the  immediate  environment  in  one-half  to 
three-quarters  of  all  relapse  episodes  (Brandon,  Tiffany,  Baker  1986; 
CoUetti,  Supnick,  Rizzo  1981;  Baer  and  Lichtenstein,  in  press; 
Shiffman  1982,  1986c;  Cummings,  Jaen,  Giovino  1985).  Many  of 
thisse  same  studies  report  that  specific  smoking  stimuli  (usually 
seeing  someone  smoking)  are  responsible  for  precipitating  24  to  32 
percent  of  all  relapses  (Shiffman  1982, 1986c;  Ossip-Klein  et  al.  1986; 
Shapiro,  Ossip-Klein,  Stiggins  1983).  Studies  also  report  that  relapse 
crises  in  which  someone  else  is  smoking  are  more  likely  to  result  in  a 
smoking  episode  and  in  a  shorter  interval  between  the  initial  slip 
and  relapse  (Brandon,  Tiffany,  Baker  1986;  Ossip-Klein  et  al.  1986; 
Shiffman  1982). 

Abrams  and  his  colleagues  (Abrams  et  al.,  in  press;  Chapter  III) 
have  recently  published  data  suggesting  that  individual  differences 
in  reactivity  to  smoking  cues  may  influence  cessation  and  relapse.  In 
retrospective  and  prospective  studies,  these  researchers  found  that 
recidivists  responded  more  strongly  than  successful  quitters  to 
verbally  presented  smoking  situations  or  to  observations  of  another 
smoking.  Recidivists  displayed  more  anxiety  and  showed  greater 
heart  rate  responses.  It  may  be  that  responses  elicited  by  smoking 
stimuli  (Saumet  and  Dittmar  1985)  reflect  conditioned  responses  to 
nicotine  effects. 

Other  smokers  serve  not  only  as  cues  for  smoking  but  as  sources  of 
cigarettes.  In  half  of  all  relapse  episodes,  another  smoker  provides 
the  cigarettes  that  are  smoked  (Colletti,  Supnick,  Rizzo  1981;  Baer 
and  Lichtenstein,  in  press;  Cummings,  Jaen,  Giovino  1985).  This  does 
not  imply  that  the  smokers  exert  social  pressure  to  smoke;  in  most 
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cases,  the  ex-smoker  specifically  asks  for  a  cigarette  (Brandon, 
Tiffany,  Baker  1986). 

Data  on  relapse  episodes  suggest  that  relapse  also  can  be  cued  by 
other  stimuli  or  activities  that  have  become  associated  with  smoking 
through  contiguity,  for  instance,  food,  drink,  or  relaxation  (Baer  and 
Lichtenstein,  in  press;  Brandon,  Tiffany,  Baker  1986;  Ossip-Klein  et 
al.  1986;  Shiffman  1986b). 

Studies  of  specific  relapse  episodes  consistently  suggest  that  stress 
and  negative  affect  play  major  roles  in  relapse.  Findings  from  many 
studies  encompassing  diverse  samples  reveal  that  the  majority  of 
relapse  episodes  are  preceded  by  negative  affect  (Brandon,  Tiffany, 
Baker  1986;  Shiffman  1982,  1986b;  Marlatt  and  Gordon  1980; 
Cummings,  Marlatt,  Gordon  1980;  O'Connell  and  Martin  1987; 
Gregory  1984;  Baer  and  Lichtenstein,  in  press;  Ossip-Klein  et  al. 
1986;  Shapiro,  Ossip-Klein,  Stiggins  1983;  Giovino  et  al.  1986; 
Shapiro  1984).  In  some  studies,  as  many  as  9  out  of  10  subjects  report 
negative  affect  (Coppotelli  and  Orleans  1985).  The  most  frequently 
reported  emotion  is  anxiety,  but  boredom,  depression,  and  anger  are 
also  common. 

Data  suggest  that  the  more  severe  the  stress  surrounding  a 
temptation  to  smoke,  the  higher  the  likelihood  of  smoking.  Shiffman, 
Read,  and  Jarvik  (1985)  report  a  significant  linear  relationship 
between  stress  and  smoking  in  relapse  crises.  There  are  contradicto- 
ry data  as  to  whether  lapses  associated  with  negative  affect  are 
particularly  likely  to  progress  to  full  relapse  (Brandon,  Tiffany, 
Baker  1986;  O'Connell  and  Martin  1987).  In  sum,  momentary  stress 
and  distress  are  major  factors  in  relapse  episodes.  It  should  be  noted, 
however,  that  these  studies  involve  retrospective  accounts  of  relapse 
episodes. 

The  role  of  negative  affect  in  relapse  may  change  over  time. 
Cummings,  Jaen,  and  Giovino  (1985)  report  that  early  relapse 
episodes  are  more  likely  to  be  precipitated  by  stress;  later  in 
abstinence,  alcohol  and  other  appetitive  cues  become  more  promi- 
nent. 

Coping  Strategies 

Coping  strategies  can  be  used  both  to  prevent  (anticipatory  coping) 
and  to  directly  respond  to  (immediate  coping)  high-risk  situations.  In 
either  case,  the  strategies  used  can  be  behavioral,  consisting  of 
responses  that  are  outwardly  visible  (e.g.,  leaving  a  party  where 
others  are  smoking,  engaging  in  physical  activities),  or  cognitive, 
consisting  of  internal  responses  such  as  thoughts  or  images. 

One  of  the  most  commonly  used  and  studied  anticipatory  coping 
strategies  is  stimulus  control — ^the  avoidance  of  stimuli  associated 
with  smoking.  Research  on  this  strategy  shows  mixed  outcomes, 
yielding  no  definitive  conclusions  (Evans  and  Lane  1981;  Horwitz, 
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Hindi-Alexander,  Wagner  1985;  Prochaska  and  DiClemente  1983; 
DiClemente  and  Prochaska  1985).  Data  on  the  relative  efficacy  of 
cognitive  and  behavioral  strategies  weakly  support  the  superiority  of 
cognitive  strategies.  Evans  and  Lane  (1981)  report  weak  indications 
that  successful  maintainers  were  more  likely  to  use  cognitive 
techniques  rather  than  behavioral  ones. 

Immediate  coping  has  been  assessed  in  studies  that  examined 
situations  in  which  an  ex-smoker  was  tempted  to  smoke.  Studies  of 
immediate  coping  with  the  temptation  to  smoke  typically  compare 
episodes  in  which  smoking  was  averted  with  episodes  in  which 
relapse  occurred.  Shiffman  (1982, 1984b,  1985)  found  that  failure  to 
perform  any  coping  response  w^  the  single  best  predictor  of 
smoking  in  a  tempting  situation,  accounting  for  nearly  a  quarter  of 
the  variance  in  the  outcomes  of  high-risk  situations.  This  finding  has 
been  directly  and  indirectly  supported  in  several  other  studies 
(Curry,  Marlatt,  Gordon  1987;  Ossip-Klein  et  al.  1986;  Shapiro,  Ossip- 
Klein,  Stiggins  1983;  Sjoberg  and  Johnson  1978;  Sjoberg  and 
Samsonowitz  1978).  These  studies  consistently  show  immediate 
coping  to  be  effective  in  preventing  smoking  in  a  relapse-promoting 
situation.  One  problem  with  all  of  these  studies,  however,  is 
retrospective  bias.  Subjects  may  introduce  a  self-justifjdng  slant  into 
their  responses.  Unfortunately,  it  may  be  virtually  impossible  to 
obtain  prospective  data  on  immediate  coping. 

Although  there  is  no  evidence  that  greater  numbers  of  coping 
responses  are  more  effective,  there  is  evidence  that  it  is  better  to  use 
both  cognitive  and  behavioral  coping  strategies  when  faced  with  a 
risk  situation  (Curry,  Marlatt,  Gordon  1987;  Shiffman  1982,  1984b). 
Cognitive  and  behavioral  coping  are  rather  broad  categories  of 
r^ponses.  The  relative  efHcacy  of  specific  responses  within  those 
categories  has  also  been  examined  in  an  attempt  to  identify  effective 
and  ineffective  coping  responses.  Shiffm£in  (1984b)  examined  the 
effectiveness  of  seven  behavioral  and  eight  cognitive  coping  strate- 
gies. Only  one  type  of  coping  was  not  more  effective  than  no  coping: 
subjects  who  reported  lusing  self-punitive  cognitions  (berating  oneself 
for  being  tempted  to  smoke)  to  cope  were  as  likely  to  relapse  as 
subjects  who  made  no  cognitive  coping  response.  (See  Glasgow  et  al. 
1985,  for  parallel  findings  on  cessation.)  Self-punitive  cognitions  may 
diminish  self-efficacy  and  engender  negative  affect,  which  in  turn 
promotes  smoking.  Another  finding  from  these  comparative  analyses 
was  that  subjects  who  reported  "willpower"  as  a  means  of  cognitive 
coping  were  significantly  more  likely  to  relapse  (nearly  half  re- 
lapsed) than  subjects  who  used  other  cognitive  coping  responses. 
Nevertheless,  subjects  who  reported  willpower  fared  better  than 
subjects  who  made  no  cognitive  coping  response  at  all. 

These  two  distinctions  notwithstanding,  the  effectiveness  of  varir 
ous  coping  responses  was  surprisingly  uniform:  13  of  the  15 
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responses  were  better  than  no  response,  but  there  were  no  signifi- 
cant differences  among  these  13  responses.  Curry,  Marlatt,  and 
Gordon  (1987)  conducted  a  very  similar  set  of  analyses  and  arrived  at 
a  similar  conclusion. 

Several  studies  have  examined  whether  individual  differences  in 
coping  skill  are  associated  with  maintenance.  The  studies  used 
similar  analog  methods  to  assess  coping  skill:  subjects  were  present- 
ed with  situations  known  to  elicit  desire  to  smoke,  and  their 
responses  to  these  situations  were  rated.  These  studies  used  both 
retrospective  and  prospective  analyses  and  had  subjects  respond 
either  to  written  or  role-played  coping  scenarios  (Abrams  et  al.  1987, 
in  press;  Davis  1983;  Davis  and  Glares  1986;  Shiftman,  Maltese, 
Jarvik  1982).  Results  of  retrospective  smalyses  showed  that  6-month 
abstainers  did  not  differ  in  coping  skill  from  recidivists  (Abrams  et 
al.  1987;  Shiffman  et  al.  1985).  Prospective  studies  also  yielded  little 
evidence  that  coping  skill  protects  against  relapse.  Such  studies  have 
found  no  relationship  between  skill  level  and  relapse  likelihood, 
although  there  was  evidence  that  high-skill  subjects  took  longer  to 
relapse  (Abrams  et  al.  1987,  in  press;  Davis  1983;  Davis  and  Glares 
1986).  Also,  Davis  and  Glaros  (1986)  showed  that  a  skill-based 
treatment  increased  the  level  of  smoker  coping  skills  assessed 
immediately  posttreatment  but  did  not  enhance  smoker  foUowup 
performance. 

Abstinence  Violation  Effect 

Marlatt  and  Gordon  (1980,  1985)  define  the  Abstinence  Violation 
Effect  (AVE)  as  an  attributional  construct  that  mediates  the 
transition  from  an  initial  lapse  to  a  full-blown  relapse.  Curry, 
Marlatt,  and  Gordon  (1987)  found  that  individuals  who  smoked  but 
did  not  return  to  regular  smoking  ("slippers")  reported  significantly 
greater  AVEs  than  those  who  relapsed  following  an  initial  slip. 
Brandon,  Tiffany,  and  Baker  (1986)  reported  that  only  one-third  of 
their  subjects  (N=72)  used  any  coping  response  after  a  lapse  and 
that  the  occurrence  of  coping  was  unrelated  to  relapse  probability  or 
speed  of  relapse. 

Summary  and  Conclusions 

1.  Tobacco  dependence  can  be  treated  successfully. 

2.  Effective  interventions  include  behavioral  approaches  and 
behavioral  approaches  with  adjunctive 'pharmacologic  treat- 
ment. 

3.  Behavioral  interventions  are  most  effective  when  they  include 
multiple  components  (procedures  such  as  aversive  smoking, 
skills  training,  group  support,  and  self-reward).  Inclusion  of  too 
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many  treatment  procedures  can  lead  to  a  less  successful 
outcome. 

4.  Nicotine  replacement  can  reduce  tobacco  withdrawal  symp- 
toms and  may  enhance  the  efficacy  of  behavioral  treatment. 
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Introduction 

The  focus  of  this  Appendix  is  on  trends  in  the  prevalence  and 
demographic  correlates  of  tobacco  use.  Findings  from  selected  data 
sources  (US  DHHS  1986b;  USDA  1986;  US  FTC  1981,  1986;  US 
DHHS  1988)  will  be  reported  as  well  as  findings  from  analyses  of 
trend  data  found  in  these  sources. 

Prevalence  of  Smoking  in  the  United  States 

Several  surveys  using  different  methodologies  have  reported  the 
prevalence  of  current  cigarette  smoking  in  the  United  States.  The 
reported  prevalence  of  smoking  between  1944  and  1986  is  shown  in 
Table  1.  However,  different  methodologies  can  lead  to  variations  in 
the  estimation  of  prevalence.  The  same  genersd  survey  methodology 
has  been  used  throughout  the  National  Health  Interview  Surveys 
(NHIS  1965  to  1985).  These  surveys  have  indicated  a  steady  decline 
in  smoking  prevalence  beginning  in  the  late  1960s  to  30.4  percent  of 
adults  20  years  of  age  and  older  in  1985.  These  data  parallel  the  per 
capita  consumption  of  cigarettes  in  the  United  States,  which  has 
declined  each  year  since  1973  (Table  2).  Based  on  population 
estimates  and  the  NHIS,  the  total  number  of  adult  smokers  (aged  20 
years  and  older)  in  the  United  States  declined  from  approximately 
52,400,000  in  1976  to  approximately  51,100,000  in  1985.  The  total 
number  of  former  smokers  increased  from  approximately  29,500,000 
to  40,900,000  within  this  time  period. 

Trends  in  Cigarettes  Consumed 

In  the  United  States,  cigarettes  are  taxed  at  the  wholesale  level,  in 
advance  of  retail  sales.  Tax  data  may  not  reflect  retail  sales  in  any 
particular  year  insofar  as  different  inventory  levels  are  held  over 
time.  However,  the  number  of  cigarettes  taxed  is  a  standard  index 
used  to  estimate  the  number  of  cigarettes  consumed  over  time.  Total 
cigarette  consumption  as  estimated  by  this  index  in  the  United 
States  increased  steadily  from  1920  until  1981  when  an  estimated 
total  of  640  billion  cigarettes  were  smoked  (Table  2).  Since  1981, 
there  has  been  a  steady  decline  in  consumption  and  the  number  of 
cigarettes  smoked  in  1987  is  estimated  at  574  billion. 

These  data  are  frequently  divided  by  the  population  of  adults  18 
years  of  age  and  older  to  give  a  per  capita  estimate  of  consumption.  It 
should  be  noted  that  this  per  capita  estimate  could  be  biased  if  there 
is  a  trend  over  time  for  more  people  to  start  smoking  regularly  under 
18  years  of  age. 

Since  1973,  there  has  been  a  decline  of  23  percent  in  the  number  of 
cigarettes  smoked  on  a  per  capita  basis.  Although  there  has  been  a 
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TABLE  1. — -Percentage  of  current  cigarette  smoketrs  among 
adults,  by  year  and  survey.  United  States, 
1944-1986 


Current  cigarette  smokers  (percentage) 

Age 

Year 

Survey 

(>  years) 

Men 

Women 

Total 

1944 

GP 

18 

48.0 

36.0 

41.0 

1949 

GP 

18 

54.0 

33.0 

44.0 

1955 

CPS 

18 

54.2 

24.5 

37.6 

1964 

NCSH 

21 

52.9 

31.5 

40.3 

1965 

NHIS 

17 

51.1 

33.3 

41.7 

1966 

CPS 

17 

50.0 

32.3 

40.6 

NCSH 

21 

51.9 

33.7 

42.2 

1967 

CPS 

17 

49.1 

32.1 

40.1 

1968 

CPS 

17 

47.0 

31.2 

38.6  . 

1970 

NHIS 

17 

43.5 

31.1 

36.9 

NCHS 

21 

42.3 

30.5 

36.2 

1974 

NHIS 

17 

42.7 

31.9 

37.0 

1975 

NCSH 

21 

39.3 

28.9 

33.8 

1976 

NHIS 

20 

41.9 

32.0 

36.7 

1978 

NHIS 

17 

37.5 

29.6 

33.2 

1980 

NHIS 

20 

38.3 

29.4 

33.6 

1983 

NHIS 

20 

35.7 

29.4 

32.4 

1985 

CPS 

16 

31.8 

25.4 

28.4 

NHIS 

20 

33.2 

27.9 

30.4 

1986 

OSH 

17 

29.5 

23.8 

26.5 

NOTE:  GP,  Gallup  Poll;  CPS,  Current  P«>pulation  Survey  (Supplement);  NCSH,  National  Clearinghouse  for 
Smoking  and  Health  (Adult  Use  of  Tobacco  Survey);  NHIS,  National  Heaitii  Interview  Survey;  OSH,  Office  on 
Smoking  and  Health  (Adult  Use  of  Tobacco  Survey).  NHIS  data  are  iiot  age  adjusted. 

SOURCE:  US  DHHS  (1987c).  ' 


decline  in  every  one  of  these  15  years,  the  rate  of  decline  has  varied 
from  0.2  to  7.2  percent  with  a  mean  of  1.9  percent  per  year  (Table  2). 

Trends  in  the  Tar  and  Nicotine  Content  of  Cigarettes 
Consumed 

Data  on  the  market  share  of  cigarettes  of  different  smoking 
machine  determined  tar  and  nicotine  yield  have  been  published  by 
the  Federal  Trade  Comnussion  (FTC)  from  information  supplied  to 
the  £^ency  by  cig^ette  companies.  The  FTC  is  no  longer  generating 
these  data.  Trends  in  the  sales-weighted  average  yield  of  tar  and 
nicotine  for  cigarettes  sold  are  shown  in  Figure  1.  The  sales-weighted 
average  represents  the  tar  and  nicotine  content  found  in  specific 
brands  averaged  by  the  quantity  of  sales  for  that  specific  brand. 

Throughout  the  1970s  there  was  a  steady  decline  in  the  ssdes- 
weighted  average.  This  decline  may  have  occurred  because  of 
consumer  beliefs  that  lower-yield  brands  are  less  hazardous.  The 
impression  that  low-yield  brands  may  be  less  hazardous  may  have 
resulted  in  part,  from  cigarette  advertising  implying  that  low-jdeld 
brands  are  less  hazardous  or  safe  (Davis  1987). 
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TABLE  2. — ^Total  cigarette  consumption  and  consumption 
per  capita  18  years  of  age  and  older,  1973  to 
1987,  United  States 


Per  capita 


Year 

Total 
consumption 
(billions) 

Per  capita 
consumption 
(>18  years  old) 

consumption  change 
from  previous  year 
(percentage) 

1973 

589.7 

4,148 

1974 

599.0 

4,141 

-0.2 

1975 

607.2 

4,123 

-0.4 

613^ 

4,092 

-0.8 

1077 

617.0 

4,051 

-1.0 

616.0 

3,967 

-2.1 

621  5 

3  861 

-2  7 

631.5 

3,844 

-0.4 

640.0 

3,836 

-0.2 

1982 

634.0 

3,739 

-2.6 

1983 

600.0 

3,488 

-7.2 

1984 

600.4 

3,446 

-1.2 

1985 

594.0 

3,370 

-2.3 

1986 

583.8 

3,274 

-2.9 

1987  (est.) 

.  574.0 

3,196 

-2.4 

SOURCE:  USDA  (1986). 


From  1982  to  1985,  the  declining  sales-weighted  tar  and  nicotine 
yield  leveled  off.  This  change  may  be  related  to  one  or  a  combination 
of  the  following  factors:  (1)  a  persistent  brand  loyalty  of  some 
smokers  to  moderate-  or  high-yield  brands  because  of  brand  image; 
(2)  a  diminishing  perception  that  low-yield  brands  are  less  hazard- 
ous; (3)  some  smokers  are  now  smoking  cigarettes  of  such  low  tar  and 
nicotine  yields  that  further  reductions  in  those  3delds  may  be 
unacceptable;  i.e.,  the  "lower  boundary"  of  comfortable  cigarette  use 
has  been  reached  (Kozlowski  1987;  Chapter  IV).  The  1981  Surgeon 
General's  Report  (US  DHHS  1981)  cautioned  that  the  health  benefits 
of  switching  to  low-yield  brands  are  minimal  compared  with  giving 
up  cigarettes  entirely. 

Surveys  of  Self-Reported  Cigarette  Smoking  in  Adults 

General  C!onsiderations 

The  validity  of  self-reported  smoking  status  from  community 
surveys  affects  the  usefulness  of  these  data  in  reporting  historical 
trends.  Respondents'  sensitivity  to  social  stigma  associated  with 
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FIGURE  1. — Sales-weighted  averages  of  tar  and  nicotine 

per  cigarette,  1968-1985  (1985  data  preliminary) 

SOURCE:  U.S.  Federal  Trade  Cominission  (February  1988). 

smoking  is  cited  as  a  major  reason  why  persons  might  underreport 
their  smoking  status  (Warner  1978;  Kozlowski  1986).  Whereas 
biochemical  assessment  is  significantly  more  reliable  than  self- 
reporte  in  assessing  level  of  nicotine  intake  (see  Chapters  n  and  IV), 
self-reported  data  appear  valid  for  estimating  prevalence  of  smokii^ 
in  the  population.  For  example,  studies  of  patients  in  several  settings 
(Petitti,  Friedman,  Kahn  1981;  Pojer  et  al.  1984),  as  well  as  two  large 
community  studies  (Fortmann  et  al.  1984;  Pierce,  Dwyer  et  al.  1987), 
have  shown  that  mes^urements  of  smoking  by  self-report  and 
biochemical  markers  give  approximately  the  same  estimates  of 
prevalence.  It  is  possible  that  the  accuracy  of  self-reported  data  will 
vary  depending  on  whether  the  data  collection  method  is  face-to-face 
or  by  telephone  interview.  However,  biochemical  vsdidation  data  do 
not  exist  to  allow  quantification  of  such  a  difference.  In  addition, 
serious  concerns  have  been  expressed  about  the  validity  of  data 
(Thomberry  1987)  reported  by  one  person  on  behalf  of  another 
(proxy  response). 

National  Health  Interview  Surveys 

The  National  Health  Interview  Survey  (NHIS),  which  is  conducted 
regularly  by  the  National  (Denter  for  Health  Statistics,  uses  a 
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sampling  frame  developed  by  the  U.S.  Bureau  of  the  Census  and  is 
based  on  a  multistaged  random  probability  sampling  design.  Infor- 
mation on  behavioral  health  risk  factors  is  collected  in  face-to-face 
interviews.  Basic  smoking  information  has  been  collected  for  several 
years,  including  1965,  1976,  1978,  1979,  1980,  1983,  and  1985  (data 
for  1965  are  based  on  both  self-report  and  proxy  reporting;  all  of  the 
more  recent  surveys  were  based  on  self-reports).  The  1987  survey 
results  were  not  available  for  this  Report.  Beginning  in  1985,  an 
adequate  sample  of  blacks  was  ensured  by  the  survey  design  (using 
the  technique  of  oversampling).  The  NHIS  generally  has  a  response 
rate  of  96  percent  (Thomberry  1987).  However,  the  smoking  informa- 
tion is  collected  only  by  self-report  in  a  supplement.  This  extra  step 
in  data  collection  procedures  leads  to  a  decrease  in  the  response  rate 
to  approximately  90  percent. 

Demographic  Trends  in  Smoking  Prevalence  in  Adults 

Between  1965  and  1985,  smoking  prevalence  decreased  in  all  age, 
sex,  and  race  categories  with  the  exception  of  women  aged  65  years 
and  older  (Table  3).  This  exception  can  be  explained  as  a  birth  cohort 
effect  (Warner  and  Murt  1982). 

Both  black  and  white  males  have  decreased  their  smoking  by  an 
average  of  a  percentage  point  per  year  over  this  20-year  period. 
However,  in  1985, 41  percent  of  black  males  smoked,  compared  with 
32  percent  of  white  males.  For  all  races,  the  laigest  decrease  in 
smoking  occurred  in  younger  males;  the  20-  to  24-year-old  age  group 
decreased  an  average  of  1.4  percentage  points  per  year.  The  marked 
gradient  in  the  degree  of  change  per  year  across  age  groups  suggests 
that  a  birth  cohort  effect  may  have  occurred,  with  many  more  young 
males  never  having  become  regular  smokers. 

Proportionately  fewer  women  smoke  than  men  within  every  age 
group  and  race  category  except  for  persons  20  to  40  years  old  in  1985 
(31.0  percent  for  men,  32.1  percent  for  women).  However,  the  yearly 
rate  of  decline  in  smoking  prevalence  across  these  categories  is,  on 
average,  three  times  less  than  the  male  rate  of  decline.  Moreover, 
the  decline  in  female  smoking  appears  mainly  in  the  under-44-year 
age  group.  This  may  indicate  that  uptake  of  smoking  among  women 
in  the  more  recent  birth  cohorts  is  beginning  to  decline.  Of 
particular  importance  is  the  almost  complete  lack  of  change  in 
smoking  prevalence  among  black  women  from  1965  to  1985. 

Smoking  rates  amoi^  Hispanics  have  been  reported  using  NHIS 
data  (Marcus  and  Crane  1985, 1987),  but  the  small  sample  size  of  this 
subpopulation  reduces  the  reliability  of  the  estimates.  According  to 
the  1985  NHIS,  the  prevalence  of  smoking  among  Hispanic  males 
and  females  aged  18  and  older  was  31.3  percent  and  20.8  percent, 
respectively  (Marcus  and  Crane  1987).  Information  on  Hispanic 
smoking  is  also  available  from  the  Hispanic  Health  and  Nutrition 
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TABLE  3.— Twenty-year  trends  in  smoking  prevalence 

(percentage)  among  adults  20  years  of  age  and 
older,  by  sex,  race,  and  age,  United  States 


Difference 


Sex,  race,  age 

1965 

1976 

1980 

1985 

1965-1985 

Men 

52.1 

41.6 

37.9 

32.7 

-19.4 

Race' 

White 

51.3 

41.0 

37.1 

31.8 

-19.5 

-ion 

Age* 

20-24 

59.2 

45.9 

39.7 

31.0 

-28.2 

26-34 

60.7 

48.5 

43.1 

38.2 

-22.5 

35-44 

58.2 

47.6 

42.6 

37.6 

-20.6 

45-64 

51.9 

41.3 

40.8 

33.4 

-18.5 

S65 

28.5 

23.0 

17.9 

19.6 

-8.9 

Women 

Total  ».2 

34.2 

32.5 

29.8 

28.3 

-6.9 

Race' 

White 

34.5 

32.4 

30.0 

28.3 

-6.2 

Black 

32.7 

34.7 

30.6 

31.6 

-11 

Age* 

20-24 

41.9 

34.2 

32.7 

32.1 

-9.8 

25-34 

43.7 

37.5 

31.6 

32.0 

-11.7 

35^ 

43.7 

38.2 

34.9 

31.5 

-12.2 

45-64 

32.0 

34.8 

30.8 

29.9 

-2.1 

^65 

9.6 

12^ 

16.8 

13.5 

+3.9 

'Age-adjusted  prevalence  rates. 
'Includes  white,  black,  and  other. 
SOURCE:  U.S.  PHS  (1987). 


lamination  Survey  (HHANES),  which  was  conducted  by  the 
National  Center  for  Health  Statistics  between  1982  and  1984.  This 
study  surveyed  9,000  Mexican-Americans  in  the  Southwest,  4,000 
Puerto  Ricans  in  the  Northeast,  and  1,500  Cuban-Americans  in 
Miami.  For  males  aged  20  to  74  the  age-adjusted  smoking  rates  were 
43  percent  for  Mexican-Americans,  42  percent  for  Cuban-Americans, 
and  40  percent  for  Puerto  Rican-Americans.  Among  females,  the 
smoking  prevalence  was  24  percent  for  Mexican-Americans  and 
Cuban-Americans  and  30  percent  for  Puerto  Rican-Americans 
(Haynes  1987).  Estimates  of  smoking  prevalence  among  other 
minority  groups  may  be  unreliable  becai:»e  of  small  sample  sizes 
included  in  the  NHIS.  Trend  data  are  not  available  because  Hispanic 
status  was  not  as(%rt£dned  on  earlier  suryejrs. 
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TABLE  4.— Smoking  preVialence  (percents^e)  among  adults 
18  years  of  age  and  older,  by  socibdemographic 

subgroups,  United  States,  1985 


Subgroup 

Men 

Women 

Total 

Education 

Less  than  high  school 

m  1 

n  i. 

High  school  graduate 

OD.O 

dl.U 

dO.4 

Some  college 

OQ  Q 

College  graduate 

IT  1 

17.1 

OA  1 

Postgraduate 

17  Q 
Xl.O 

It  1 

XO.O 

Occupation 

Employed 

33.8 

30.0 

,  32.1  , 

White-collar 

26.4 

oo  t\ 
290.U 

Blue<ollar 

Service 

1M.O 

QR  A 
00.4 

Unemployed 

44.3 

28.0 

36.1 

Not  in  workforce/Unknown 

28.6 

25.3 

26.4 

Marital  status 

Never  mamed 

oU.U 

Divorced/Separated 

4o.Z 

42.4 

'  AA  ft 

44.7 

Married/Cohabitating 

31.9 

27.7 

29.7 

Widowed 

29.3 

20.1 

21.6 

Income 

<$10,000 

36.3 

29.7 

32.3 

$10,000-19,999 

37.0 

29.8 

33.1 

$20,000-34,999 

33.1 

28.1 

30.7 

>$35,000 

27.0 

25.1 

26.1 

SOURCE:  National  Center  for  Health  Statistics,  National  Health  Interview  Survey  1986. 


Other  Social  Correlates  of  Smoking 

The  prevalence  of  smoking  varies  across  sociodemographic  catego- 
ries. A  detailed  an,alysis  of  the  sociodemographic  correlates  of 
smoking  status  in  the  1985  NHIS  survey  is  presented  below. 

Current  smoking  prevalence  hy  sex,  occupation,  marital  status, 
employment,  education,  and  income  groups  for  1985  is  shown  in 
Table  4.  Current  smoking  prevalence  was  inversely  related  to 
educational  status.  Persons  who  were  employed  were  less  likely  to  be 
current  smokers  than  unemployed  persons.  Persons  employed  in 
white-collar  jobs  were  less  likely  to  be  smokers  than  persons 
employed  in  blue-collar  or  service  jobs.  Persons  with  higher  income 
arid  persons  who  were  single,  married,  or  widowed  had  a  lower 
prevalence  of  smoking  than  persons  with  lower  income  or  who  were 
divorced  or  separated. 

Because  blacks  were  oversampled  in  the  1985  NHIS  and  subse- 
quent sample  designs,  it  is  possible  to  make  detailed  comparisons 
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TABLE  5. — ^Percentage  of  current  smokers  in  1985,  by  age, 
race,  and  sex 


Sex,  age  White  Black 


Men 


18-24 

29.1 

26.6 

25-34 

37.1 

45.2 

35-44 

36.3 

44.9 

45-54 

33.4 

47.4 

55-64 

30.1 

44.6 

65-74 

21.2 

31.0 

^75 

13J 

21.4 

Women 

1&-24 

33.0 

24.2 

25-34 

32.6 

35.7 

35-44 

31.4 

40.2 

45-54 

32.9 

37.0 

55-64 

27.4 

28.9 

65-74 

17.8 

18.6 

^75 

7.1 

8.0 

SOURCE:  National  Center  for  Health  Statistics,  Natkmal  Health  Interview  Survey  198S. 

between  blacks  and  whites  in  smoking  prevalence.  Table  5  shows 
that  across  all  age  categories,  except  among  those  aged  18  to  24 
years,  blacks  have  higher  smoking  prevalence  than  whites.  The 
lower  smoking  prevalence  among  blacks  in  this  age  group  may 
reflect  an  older  age  of  initiation  among  blacks. 

In  a  multivariate  analysis  of  NHIS  data,  controlling  for  sex,  age, 
employment,  poverty  status,  education,  and  marital  status,  blacks 
were  no  more  likely  to  be  ever  smokers  than  whites  (Novotny  et  sd., 
in  press).  In  this  study,  blacks  were  less  likely  than  whites  to  quit 
smoking.  Blacks  also  were  less  likely  than  whites  to  be  heavier 
smokers  (^15  cigarettes  per  day). 

Other  Surveys  Reporting  Adult  Prevalence  of  Smoking 

The  1986  Adult  Use  of  Tobacco  Survey  showed  slightly  lower  rates 
of  smoking  than  that  expected  from  the  trends  observed  in  the 
National  Health  Interview  Surveys  (NHIS).  These  data,  based  on  a 
telephone  interview  of  13,031  adults  aged  17  and  older,  were 
weighted  to  reflect  the  U.S.  population  according  to  sex, 
education  level,  and  region.  An  estimated  29.5  percent  of  males  (95 
percent  confidence  interval,  28.4  to  30.6)  and  23.8  percent  of  femsiles 
(95  percent  confidence  interval,  22.7  to  24.9)  smoked  cigarettes 
regularly.  Differences  from  the  NHIS  may  reflect  differences  in  age 
of  respondents  (NCHS-age  18  and  above,  Adult  Use  Survey-age  17 
and  above),  methodology  (Waksberg  1978),  or  response  rat^  (NCHS 
approximately  90  percent,  Adult  Use  Survey  approximately  74 
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percent).  The  exclusion  of  households  lacking  telephones  appears  to 
account  for  an  underestimate  of  approximately  1  percentage  point  in 
telephone  surveys;  persons  living  in  households  without  telephones 
have  a  higher  smoking  prevalence  than  those  in  households  with 
telephones  (US  DHHS  1987c). 

In  1985,  a  supplement  to  the  Current  Population  Survey  contained 
smoking  information  collected  by  household  interviews.  These  data 
are  particularly  relevant  because  of  the  large  sample  population. 
However,  45  percent  of  responses  were  by  proxy.  Of  the  114,342 
persons  surveyed,  the  overall  smoking  prevalence  for  persons  16 
years  of  age  and  older  was  31.8  percent  for  males  and  25.4  percent 
for  females  (Table  1).  A  detailed  analysis  of  this  data  set  is  available 
from  the  Office  on  Smoking  and  Health  (Marcus  and  Crane  1987). 

Since  1981,  the  Centers  for  Disease  Control  has  coordinated  the 
collection  of  State-specific  data  on  several  behavioral  risk  factors  in 
the  Behavioral  Risk  Factor  Surveillance  System  (BRFSS).  In  1986, 25 
States  and  the  District  of  Columbia  participated  in  this  telephone 
interview  system  (Table  6).  Median  State  smoking  prevalence  among 
adults  18  years  of  age  and  older  varied  between  18  percent  and  35 
percent  (US  DHHS  1987c),  with  marked  geographical  distribution 
patterns.  Stat^  east  of  the  Mississippi  appeared  to  have  the  highest 
smoking  prevalences  (US  DHHS  1987d).  These  States  also  had  the 
highest  adult  per  capita  consumption  of  cigarettes  (Tobacco  Institute 
1986),  as  measured  by  sales  of  cigarettes  taxed  in  each  State. 

Trends  in  Adolescent  Smoking 

The  National  Institute  on  Drug  Abuse  (NIDA)  conducted  house- 
hold surve3rs  on  drug  use  in  1979, 1982,  and  1985.  Data  were  obtained 
from  a  stratified  random  sample  of  8,000  U.S.  households;  approxi- 
mately 2,000  interviews  were  conducted  with  respondents  in  the  12- 
to  17-year-old  age  group.  Questions  included  whether  any  cigarettes 
were  smoked  within  30  d&ys  as  well  as  within  the  previous  year. 
These  surveys  indicated  that  approximately  26  percent  of  the 
teenage  population  surveyed  smoked  at  least  one  cigarette  at  some 
time  during  1985  (Table  7).  In  1985,  15.6  percent  of  this  population 
had  smoked  within  the  previous  month.  However,  these  overall 
mean  values  probably  underestimate  the  level  of  experimentation 
and  uptake  of  smoking  during  these  ages  due  to  response  bias  or 
underreporting.  Comparisons  with  1979  are  not  appropriate,  because 
in  that  year,  there  was  a  markedly  different  definition  of  smoking 
compared  with  later  years  ("at  least  100  cigarettes  in  lifetime" 
compared  with  "any  smoking  in  leist  30  days"). 

The  "Monitoring  of  the  Future"  project,  sponsored  by  NIDA,  is 
conducted  by  the  Institute  for  Social  Research  at  the  University  of 
Michigan.  It  consists  of  a  yearly  survey  of  a  representative  sample  of 
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TABLE  6.'— -Current  smoking  prevalence  (percentage)  in  25 
States  and  the  District  of  Columbia,  1986 


Current  smokers 


State 

Sample 
size 

Men 

Percentage 
Women 

Total 

95  percent 

...  confidence 
interval 

Alabama 

559 

30.3 

20.0 

24.8 

±4.1 

Arizona 

1,178 

24.4 

24.7 

24.5 

±2.8 

California 

1,579 

25.4 

23.9 

24.6 

±2.4 

District  of  Columbia 

1,145 

32.1 

22.6 

26.7 

±3.1 

Florida 

1,162 

30.9 

27.8, 

29.3 

±2.8 

Georgia 

1,140 

29.3 

24.8 

26.7 

±2.9 

Hawaii 

1,551 

27.8  . 

20.3 

24.1 

±2.9 

Idaho 

1,185 

30.9 

16.2 

23^4 

±2.6 

Illinois 

1,142 

32.7 

23.6 

27.9 

±2.8 

Indiana 

1,182 

31.6 

23.5 

27.3 

±3.0 

Kentucky 

1,216 

37.2 

32.6 

34.8 

±3.2 

Massachusetts 

1,105 

27.1 

27.5 

27.3 

±3.0 

Minnesota 

3,023 

25.3 

25.0 

25.1 

.±1,7 

Missouri 

873 

23.0 

26.0 

±3.3 

Montana 

1,176 

23.5 

22.8 

23.0 

±2.7 

New  Mexico 

1,139 

29.9 

22.4 

26.1 

±2.8 

New  York 

1,135 

28.7 

26.1 

27.4 

±3.0 

North  Carolina 

1,622 

30.7 

22.5 

26.4 

±2.4 

North  Dakota 

1,182 

27.4 

25.1 

26.2 

±2.9 

Ohio 

1,158 

29.4 

26.9 

28.1 

±2.8 

Rhode  Island 

1,535 

31.0 

31.1 

30.9 

±2.5 

South  Carolina 

1,793 

28.6 

24.4 

26.3 

±2.4 

Tennessee 

1,779 

30:7 

25.5 

28.0 

±2.4 

Utah 

1,188 

20.8 

15.1 

17.8 

±2.5 

West  Virginia 

1,380 

32.2 

26.9 

29.5 

±2.8 

Wisconsin 

1,268 

31.5 

21.1 

26.2 

±2.6 

SOURCE:  US  DHHS  (1987a). 


high  school  seniors.  This  approach  does  not  include  students  who  do 
not  complete  high  school  (estimated  to  be  about  15  percent  of  the 
population  by  the  U.S.  Bureau  of  Census  in  1978).  Dropouts  tend  to 
have  a  higher  smoking  prevalence  than  in-schooi  students  (Kandel 
1980;  Pirie,  Murray,  Luepker  1988);  however,  Johnston  and 
O'Malley  (1985)  estimate  that  the  underestimate  of  the  true  popula- 
tion prevalience  is  no  more  than  5  percentage  points.  The  latter 
researchers  argue  that  the  magnitude  of  this  bias  is  unlikely  to 
change  between  the  yearly  surveys;  thus,  the  estimate  of  the  rate  of 
change  should  reflect  the  true  rate  of  population  change. 

Smoking  prevalence  among  female  high  school  sienibrs  was  higher 
than  among  males  in  1986  (Table  8),  and  there  are  marked 
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TABLE  7.-r-Prevalence  (percentage)  of  cigarette  use  among 
youth  12  to  17  years  of  age,  1979,  1982,  1985 
surveys,  United  States 


Any  use  in 

Used  in  last 

Survey  year 

last  year 

30  days 

1979' 

13.3 

12.1 

1982 

24.8 

14.7 

1985 

26.0 

15.6 

"The  1979  survey  asked  questions  only  of  those  who  had  smoked  100  cigarettes  in  their  lifetime. 
SOUBCE:  National  Institute  on  Drug  Abuse  (1979,  1982,  1985). 


TABLE  8. — ^Thirty-day  prevalence  of  daily  use  of  cigarettes 
by  subgroups,  high  school  class  of  1986 


Percentage  who  used  cigarettes 
daily  in  last  30  days 


N 

One 

Half-pack 

Subgroups 

(approx.) 

or  more 

or  more 

All  seniors 

15^00 

18.7 

11.4 

Sex 

Men 

7,100 

16.9 

10.7 

Women 

7,700 

19.8 

11.6 

College  plans 

None  or  under  4  years 

5,100 

28.2 

19.2 

Complete  4  years 

9,100 

12.8 

6.4 

Region 

Northeast 

3,600 

24.9 

15.6 

North-central 

4,300 

19.9 

12.3 

South  ■ 

4,700 

15.8 

10.0 

West 

2,600 

13.4 

6.5 

SOURCE:  Johnston,  O'Malley,  Bachman  (1987). 


geographic  differences  in  smoking  prevalence  among  students.  In 
addition,  those  students  who  plan  to  complete  4  years  of  coU^e  have 
a  smoking  rate  less  than  half  that  of  students  without  such  plans. 

The  prevalence  of  daily  use  within  the  previous  30  days  among 
high  school  seniors  fell  substantially  from  1975  to  1986  for  males  and 
females  (Figure  2).  Since  1976,  there  has  been  an  overall  35  percent 
reduction  in  smoking  prevalence  in  this  population.  Most  of  this 
decline  occurred  between  1977  and  1981.  For  all  students,  the 
prevalence  has  fallen,  an  average  of  0,68  percentage  points  per  year 
during  this  period  (to  18.7  percent  in  1986),  similar  to  the  rate  of 
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FIGURE  2.— Trends  in  30-day  prevalence  of  daily  cigarette 
use  (smoking  one  or  more  cigarettes/day) 
among  high  school  seniors,  by  sex 

SOURCE:  Johnston,  O'Malley,  Bachman  (1987). 

decline  noticed  in  adults  (see  Tables  1,  3).  However,  the  rate  of 
decline  has  tapered  off  in  recent  years.  The  smoking  rates  ampi^ . 
females  have  consistently  exceeded  the  rates  among  males. 

The  Monitoring  of  the  Future  Project  has  also  followed  representa- 
tive samples  from  each  graduating  class  since  1976,  This  was  done  by 
selecting  two  matched  panels  from  each  graduating  class  and 
following  each  panel  in  alternate  years.  The  data  obtained  from 
these  surveys  are  presented  in  Figure  3.  Recently,  differences  in 
prevalence  of  any  cigarette  smoking  within  the  last  30  days  has 
disappeared  between  those  still  in  high  school  and  those  who  have 
graduated,  suggesting  that  far  fewer  young  adults  are  taking  up 
smoking  after  high  school,  and  that  most  uptake  has  occurred  by  the 
time  of  high  school  graduation.  However,  when  either  the  30-day 
prevalence  of  daily  use  or  the  30-day  prevalence  of  the  use  of  half  a 
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pack  or  more  per  day  is  considered,  there  is  a  clear  marked  increase 
in  smoking  prevalence  in  the  early  years  after  high  school,  suggest- 
ing that  occasional  and  experimenting  high  school  smokers  become 
r^ular  smokers  once  they  leave  school. 

Trends  in  the  Proportion  of  Smokers  Wlio  are  Heavy  Smolders 

The  average  reported  number  of  cigarettes  smoked  per  day  in  1985 
by  age,  race,  and  sex  is  presented  in  Table  9.  There  are  marked 
differences  between  the  black  and  white  population  in  the  number  of 
cigarettes  reported.  Both  black  males  and  females  report  smoking 
one-third  fewer  cigarettes  per  day  than  do  their  white  counterparts. 
Even  though  blacks  smoke  fewer  cigarettes  per  day  than  whites, 
their  smoking  patterns  and  choices  of  brands  may  provide  the 
nicotine  content  necessary  to  maintedn  daily  blood  nicotine  levels 
similsur  to  whites  (Chapter  VII;  Cummings,  Giovino,  Mendicino  1987). 
Across  all  race  and  age  categories,  females  report  smoking  fewer 
cigarettes  than  males.  In  the  over  35  age  groups  this  difference  is 
approximately  20  percent. 

Successful  quitting  behavior  may  not  be  uniform  across  all 
smokers.  Heavy  smokers  (defined  as  those  who  report  smoking  25  or 
more  cigarettes  per  day)  are  more  likely  to  have  a  strong  nicotine 
dependence  (Chapter  IV)  and,  therefore,  are  less  likely  to  be 
successful  at  quitting  than  lighter  smokers.  Thus,  one  would  expect 
the  cross-sectional  surveys  over  time  to  indicate  an  increasing 
proportion  of  heavy  smokers  as  the  smoking  prevalence  declined. 
These  data  from  self-reported  consumption  measures  are  presented 
in  Table  10.  The  percentage  of  heavy  smokers  reported  by  the  1965 
survey  may  be  biased  due  to  the  use  of  proxy  interviews  which  were 
not  used  in  subsequent  surveys. 

Between  1976  and  1985,  there  was  no  substantial  change  in  the 
proportion  of  smokers  reporting  smoking  25  or  more  cigarettes  per 
day.  In  1985,  approximately  one-third  of  all  male  smokerc  and  one- 
fifth  of  all  female  smokers  were  classified  as  heavy  smokers.  Three 
times  as  many  white  as  black  adults  were  classified  as  heavy 
smokers.  For  both  males  and  females,  the  proportion  peaked  in  the 
group  aged  35  to  44,  possibly  indicative  of  a  higher  mortality  rate 
among  older  smokers. 

Trends  in  Quitting  Activity 

Public  health  efforts  to  reduce  the  prevalence  of  smoking  concen- 
trate on  reducing  the  proportion  of  the  population  that  begins  to 
smoke  cigarettes  as  well  as  increasing  the  proportion  of  smokers  who 
quit.  One  indicator  of  quitting  activity  is  the  prevalence  of  former 
smokers.  However,  this  variable  is  of  limited  use  due  to  marked 
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FIGURE  3. — ^Trends  in  30-day  cigarette  smoking  prevalence, 
daily  use,  and  use  of  a  half-pack  or  more  per 
day  among  young  adults,  by  age  group 


SOURCE:  Johnston, -0'MaUey,  Bachman  (1987). 
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TABLE  9. — Average  number  of  cigarettes  smoked  per  day 
by  current  smokers,  by  race,  age,  and  sex. 
United  States,  1985 


Race/Age 

Men 

Women 

Difference 

All  races 

2L8 

18.1 

3.7 

Til  t  

Blacks 

14.7 

13.5 

1.2 

Whites 

AO  d 

2aA 

19.1 

Age 

18-24 

17.2 

15.3 

1.9 

25-34 

20.3 

18.0 

2.3 

35-44 

24.3 

20.1 

4.2 

45-54 

24.7 

19.9 

4.8 

55-64 

23.9 

18.0 

5.9 

20.2 

16.0 

4.2 

SOUBCE:  National  Center  for  Health  Statistics,  National  Health  Interview  Sunny  1985. 

TABLE  10. — Twenty-year  trends  in  the  proportion  of 

smokers  reporting  smoking  25  or 

more 

cigarettes  per  day,  by  sex. 

race,  and  age. 

United  States 

Sex,  race,  age 

1965 

1976 

1980 

1985 

Men 

Total 

24.1 

30.7 

34.2 

32.8 

Race 

White 

26.0 

33.3 

•37.3 

36.5 

Black 

8.6 

10.8 

13.8 

10.7 

Age 

20-24 

15.4 

18.5 

19,8 

17.1 

25-34 

24.3 

28.7 

30.1 

28.5 

35-44 

31.6 

39.2 

40.7 

42.3 

45-64 

28.0 

37.4 

42.6 

39.3 

^65 

13.8 

18.2 

25.2 

25.4 

Women 

Total 

13.0 

19.0 

23.2 

20.6 

Race 

White 

13.9 

20.9 

25.2 

22.8 

Black 

4.6 

5.6 

8.6 

6.7 

Age 

20-24 

9.7 

14.5 

15.9 

12.2 

25-34 

15.5 

20.5 

24.2 

21.3          ,  . 

35-44 

17.L 

21.8 

32.7 

27.8 

45-64 

13.6 

21.5 

24.9 

22.7 

^65 

6.4 

11.8 

13.1 

134 

SOUBCE:  National  Center  for  Health  Statistics,  National  Health  Interview  Surveys  1965,  1976,  1980, 1985. 
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differences  in  uptake  of  cigarettes  between  males  and  females  in 
different  birth  cohorts  (Warner  and  Murt  1982).  A  more  meaningful 
index  of  quitting  behavior  has  been  defined  as  the  quit  ratio  (Pierce, 
Aldrich  et  al.  1987)-the  proportion  of  former  smokers  in  a  given 
population  divided  by  the  proportion  of  that  population  who  have 
ever  been  smokers. 

Trends  in  this  quit  ratio  are  presented  in  Figure  4.  The  quit  ratio 
has  consistently  been  higher  among  men  compared  with  women. 
Quit  ratios  among  both  males  and  females  increase  with  age.  In 
1985,  nearly  one-third  of  those  persons  aged  25  to  34  who  reported 
that  they  had  ever  smoked  had  quit  smoking  by  1985.  Among  those 
aged  65  or  older,  the  quit  ratio  was  over  60  percent  for  women  and  70 
percent  for  men.  Moreover,  over  the  last  20  years,  successful  quitting 
activity  has  been  increasing  in  all  age  groups.  The  quit  ratio 
differences  between  men  and  women  increased  with  age  from  1965  to 
1985  (several  possible  explanations  for  this  phenomenon  exist;  see 
Chapter  VH). 

Trends  in  Cigar,  Pipe,  and  Roll-Your-Own  Cigarette  Smolcing 

Figure  5  shows  20-year  trends  in  pipe  and  cigar  smoking  among 
adult  males.  For  both  tobacco  products,  there  has  been  an  80  percent 
decline  in  prevalence.  In  fact,  cigar  smoking  in  1964  (30  percent)  was 
as  prevalent  as  cigarette  smoking  in  1985  (30.4  percent). 

Hand-rolled  cigarettes  are  the  least  expensive  cigarettes  to  con- 
sume. According  to  the  1986  Adult  Use  of  Tobacco  Survey,  only  0.4 
percent  of  smokers  aged  17  and  older  use  roll-your-own  c%arettes 
(US  DHHS  1988). 

Trends  in  Smokeless  Tobacco  Use 

The  prevalence  of  both  snuff  and  chewing  tobacco  use  by  younger 
men  has  increased  substantially  between  1970  and  1986,  as  shown  in 
Figure  6.  Among  women,  use  of  smokeless  tobacco  products  de- 
creased between  1970  and  1986,  but  prevalence  of  use  in  this  group 
has  always  been  low.  In  1986,  less  than  0.4  percent  of  females  used 
snuff  or  chewing  tobacco,  whereas  8.2  percent  of  men  used  these 
products  (Novotny  and  Lynn,  in  press).  Additionally,  among  men, 
almost  half  of  current  users  reported  initiation  of  smokeless  tobacco 
use  before  age  17  (Table  11). 

In  1985,  the  NIDA  National  Household  Survey  of  persons  12  years 
of  age  and  older  found  that  12  percent  of  men  and  1  percent  of 
women  used  chewing  tobacco,  snuff,  or  other  kinds  of  smokel^ 
tobacco  in  the  year  of  the  survey.  Smokeless  tobacco  use  rates  were 
highest  among  young  males  (12-25  years  old)  who  were  residents  of 
nonmetropolitan  areas  (Rouse,  in  press). 


580 


FIGURE  4. — Quit  ratios  (ratios  of  former  smokers  to  ever 
smokers),  by  age  and  sex,  1965-1985 

SOURCE:  U.S.  DHHS  (1986b). 

The  BRFSS  collected  data  from  25  States  and  the  District  of 
Columbia  in  1986.  In  this  survey,  smokeless  tobacco  use  among  men 
ranged  from  0.7  percent  in  New  York  to  21.4  percent  in  West 
Virginia  (median  State  prevalence,  6.5  percent)  (US  DHHS  1987b). 
In  addition,  there  was  a  regional  pattern  of  use,  with  highest 
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FIGURE  5.— Trends  in  prevalence  of  cigarettes,  cigars,  and 
pipes,  adult  men,  1964-1986 

SOURCE:  U.S.  PHS  (1970,  1975,  1986),  U.S.  DHHS  (1987a). 

prevalence  found  in  Southern  and  North  Central  States,  just  as  in 
the  NIDA  survey  mentioned  above. 

Summary  and  Conclusions 

1.  An  estimated  32.7  percent  of  men  and  28.3  percent  of  women 
smoked  cigarettes  regularly  in  1985.  The  overall  prevalence  of 
smoking  in  the  United  States  decreased  from  36.7  percent  in 
1976  (52.4  million  adults)  to  30.4  percent  in  1985  (51.1  million 
adults). 

2.  In  1985,  the  mean  reported  number  of  cigarettes  smoked  per 
day  was  21.8  for  male  smokers  and  18.1  for  female  smokers. 

3.  Smoking  is  more  common  in  lower  socioeconomic  categories 
(blue-collar  workers  or  unemployed  persons,  less  educated 
persons,  and  lower  income  groups)  than  in  higher  socioeconom- 
ic categories.  For  example,  the  prievalence  of  snioking  in  1985 
among  persons  without  a  high  school  diploma  was  35.4  percent, 
compared  with  16.5  percent  among  persons  with  postgraduate 
college  education. 
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FIGURE  6. — ^Prevalence  of  chewing  tobacco  and  snuff  use 
among  men,  1970  and  1986 

SOURCE:  U.S.  DHHS  (1986a);  Novotny  and  Lynn  <in  press). 
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TABLE  11. — ^Reported  age  at  initiation,  by  current 

smokeless  tobacco  users  (percentage),  both 
sexes,  1986,  United  States 


Age  at  initiation 

Any  smokeless  tobacco 

Chewing  tobacco 

Snuff 

<17years 

44.3 

42.5 

43.5 

17-24  years 

37.9 

27.3 

35.1 

>25  years 

17.8 

30.2 

21.4 

SOURCE:  Novotny  and  Lynn,  (in  press). 


4.  An  estimated  18.7  percent  of  high  school  seniors  reported  daily 
use  of  cigarettes  in  1986.  The  prevalence  of  daily  use  of  one  or 
more  cigarettes  among  h^h  school  seniors  declined  between 
1975  and  1986  by  approximately  35  percent;  the  smoking 
prevalence  among  females  has  consistently  been  slightly 
higher  than  among  males.  Most  of  the  decline  occurred 
between  1977  and  1981. 

5.  The  use  of  cigars  and  pipes  has  declined  80  percent  since  1964. 

6.  Smokeless  tobacco  use  has  increased  substantially  among 
young  men  and  has  declined  among  older  men  since  1975.  An 
estimated  8.2  percent  of  17-  to  19-year-old  men  were  users  of 
smokeless  tobacco  products  in  1986. 
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Introduction 


Knowledge  of  the  toxicity  of  nicotine  is  important  to  help 
understand  tobacco-induced  human  disease  as  well  as  to  assess  the 
potential  risks  associated  with  the  therapeutic  use  of  nicotine  (e.g., 
nicotine  polacrilex  gum)  as  an  aid  to  assist  smoking  cessation. 

This  Appendix  provides  a  brief  overview  of  the  toxic  actions  of 
nicotine  per  se,  focusing  on  human  studies  wherever  possible  and 
selecting  only  those  animal  data  which  have  direct  implications  in 
understanding  mechanisms  of  human  disease.  The  toxicity  of 
cigarette  smoke  has  been  extensively  reviewed  in  prior  Surgeon 
General's  reports  (US  DHHS  1982,  1983,  1984,  1985,  1986).  In  most 
cases  the  pathogenesis  of  tobacco-related  diseases,  including  the  role 
of  nicotine,  has  not  been  fully  elucidated.  Therefore  the  potential 
contribution  of  nicotine  to  development  of  tobacco-related  disease, 
even  if  unproved,  will  be  considered. 

The  chemistry  and  general  pharmacology  of  nicotine  have  been 
reviewed  in  previous  chajpters  (Chapters  II  and  III)  of  this  report  and 
are  hot  presented  in  detail  in  this  Appendix.  An  appreciation  of  the 
basic  pharmacol(^c  actions  of  nicotine  is,  however,  a  necessary 
foundation  for  understanding  the  issues  of  toxicity  which  are 
discussed  in  this  Appendix. 

Acute  Intoxication 

As  discussed  in  Chapter  II,  nicotine  is  a  water  and  lipid  soluble 
drug  which,  in  the  free  base  form,  is  readily  absorbed  via  respiratory 
tissues,  skin,  and  the  gastrointestinal  tract.  Nicotine  may  pass 
through  skin  or  mucous  membranes  when  in  alkaline  solutions,  in 
which  circumstance  nicotine  is  primarily  un-ionlzed. 

In  experimental  animals,  the  dose  of  nicotine  which  is  lethal  to  50 
percent  of  animals  (LD50)  varies  widely,  depending  on  the  route  of 
administration  and  the  species  used.  Intravenous  (i.v.)  LD50  doses  of 
nicotine  in  mice  range  between  0.3  to  1.8  mg/kg  body  weight 
(Borzelleca,  Borman,  McKennis  1962;  Lindner  1963;  Wirth  and 
Gofeswald  1965;  Barlow  and  McLeod  1969).  The  intraperitoneal  (i.p.) 
LD50  values  for  nicotine  bitartrate  in  mice  and  rats  have  been  found 
to  be  13  and  83  mg/kg  body  weight,  respectively,  while  the  values  for 
five  inbred  hamster  strains  varied  between  125  to  320  mg/kg  body 
weight  (Bernfeld  and  Homburger  1972).  The  wide  variation  in 
sensitivity  to  the  toxic  effects  of  nicotine  in  rodents  appears  to  be 
genetically  determined  (Gai^  1969;  Marks,  Burch,  Collins  1983; 
Miner,  Marks,  CoUms  1984). 

In  interpreting  animal  toxicity  data  it  is  important  to  recognize 
that  the  rate  of  administration  is  an  important  determinant  of 
toxicity.  Rapid  i.v.  injections  result  in  the  highest  blood  and  brain 
concentrations  and  produce  toxicity  at  the  lowest  doses.  In  contrast, 
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with  oral  or  i.p.  administration  higher  doses  are  required  to  produce 
toxicity.  This  is  due  to  presystemic  ("first  pass")  metabolism  of 
nicotine  and  the  gradual  time  course  of  absorption  as  compared  with 
after  i.v.  dosing.  With  intermittent  dosing,  such  as  practiced  by 
smokers,  the  total  dose  of  nicotine  absorbed  per  day  could  exceed  the 
toxic  or  even  lethal  dose  of  a  single  injection. 

In  humans,  acute  exposure  to  nicotine  even  in  low  doses  (similar  to 
the  amounts  consimied  by  tobacco  users)  elicits  autonomic  and 
somatic  reflex  effects  as  described  in  detail  in  Chapters  II  and  III. 
Dizziness,  nausea,  and/or  vomiting  are  commonly  experienced  by 
nonsmokers  after  low  doses  of  nicotine,  such  as  when  people  try  their 
first  cigarette.  However  cigarette  smokers  rapidly  become  tolerant  to 
these  effects  (Chapter  II). 

A  number  of  poisonings  and  deaths  from  ingestion  of  nicotine, 
primarily  involving  nicotine-containing  pesticides,  have  been  report- 
ed in  humans  (Beeman  and  Hunter  1937;  McNgdly  1923;  Franke  and 
Thomas  1936;  Saxena  and  Scheman  1985).  The  lethal  oral  dose  of 
nicotine  in  adults  has  been  quoted  to  be  40  to  60  mg  (Goldfrank, 
Melinek,  Blum  1980;  Larson,  Haag,  Silvette  1961),  but  it  has  not 
been  well  documented.  Nicotine  intoxication  produces  nausea, 
vomiting,  abdominal  pain,  diarrhea,  headaches,  sweating,  and  pallor. 
More  severe  intoxication  results  in  dizziness,  weakness,  and  confu- 
sion, progressing  to.  convulsions,  hypotension,  and  coma.  Death  is 
usually  due  to  paralysis  of  respiratory  muscles  and/or  central 
respiratory  failure. 

Dermal  exposure  to  nicotine  can  also  lead  to  intoxication.  Such 
exposures  have  been  reported  after  spilling  or  appl5dng  nicotine- 
containing  insecticides  on  the  skin  or  clothes  (Lockhart  1933; 
Faulkner  1933;  Benowitz  et  al.  1987)  and  as  a  consequence  of 
occupational  contact  with  tobacco  leaves. 

Green  tobacco  sickness,  an  occupational  illness  in  field  workers 
harvesting  tobacco  leaves,  has  been  attributed  to  dermal  absorption 
of  nicotine  found  in  the  dew  on  tobacco  leaves  (Weizenecker  and  Deal 
1970;  Gehlbach  et  al.  1974).  The  levels  of  cotinine  in  the  urine  of 
exposed  workers  exceed  those  of  novice  smokers  who  had  smoked 
three  cigarettes  in  succession  (Gehlback  et  al.  1975).  The  symptoms 
of  green  tobacco  illness  are  described  in  Table  1  (Gehlbach  et  al. 
1975;  Gehlbach,  Williams,  Freeman  1979).  A  similar  syndrome  has 
been  reported  in  Asian  Indian  tobacco  workers  who  harvest  green 
tobacco  leaves  and  handle  cured  tobacco  (Ghosh  et  al.  1979). 

Tobacco  harvesters  who  use  tobacco  products,  either  in  the  forms 
of  cigarettes  or  smokeless  tobacco,  are  usually  not  affected  by  green 
tobacco  sickness  owing  to  development  of  tolerance  to  nicotine 
(Gehlbach  et  al.  1974).  Tolerance  to  the  toxic  effects  may  even 
develop  during  the  course  of  nicotine  poisoning,  despite  the  persis- 
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TABLE  1^-— Symptoms  of  systemic  nicotine  poisoning  (Green 
Tobacco  Sickness) 


Percentage 

Symptom 

(53  cases) 

Nausea,  vomiting 

98 

Pallor 

89 

Weakness 

81 

Dizziness,  lightheadedness 

81 

Headache. 

81 

Syreating 

56 

Abdominal  pain 

42 

Chills 

36 

Increased  salivation 

17 

SOURCE:  Adapted  from  Gefalbach  et  al.  (1974). 


tence  of  nicotine  in  the  blood  at  extremely  high  concentrations  (200 
to  300  ng/ml)  (Benowitz  et  al.  1987). 

Acute  intoxication  may  occur  in  children  following  ingestion  of 
tobacco  materials.  Four  children,  each  of  whom  ingested  two 
cigarettes,  developed  salivation,  vomiting,  diarrhea,  tachjrpnea, 
tachycardia,  and  hypertension  within  30  min;  followed  by  depressed 
respiration  and  cardiac  arrhjiihrnia  within  40  min;  and  convulsions 
within  60  min  (Malizia  et  al.  1983).  All  recovered  and  suffered  no 
complication.  Another  six  children  who  ingested  one-half  of  a 
cigarette  experienced  salivation  and  vomiting  only.  In  a  Swedish 
report  (Werner  1969),  355  children  who  ingested  tobacco  had  only 
very  mild  symptoms.  Severe  poisoning  has  occurred  in  children  who 
swallowed  tobacco  juice  (expectorated  by  tobacco  chewers).  Although 
ingestions  of  tobacco  are  common,  deaths  due  to  ingestion  of  tobacco 
are  extremely  rare,  due  to  early  vomiting  and  first  pass  metabolism 
of  the  nicotine  which  is  absorbed. 

Ck>nceivably,  intoxication  from  nicotine  polacrilex  gum  could  occur 
after  accidental  use  by  children  or  nonsmokers,  or  if  an  ex-smoker 
gum-user  consumed  several  pieces  at  once  or  in  rapid  succession. 
One  case  report  describes  a  smoker  who  developed  apparent  symp- 
toms of  nicotine  intoxication  within  1  min  of  chewing  a  piece  of  2-mg 
gum  (Mensch  and  Holden  1984).  However,  based  on  the  known 
absorption  kinetics  and  the  amount  of  nicotine  in  the  gum,  true 
nicotine  intoxication  is  unlikely  in  this  case. 

Swallowing  nicotine  polacrilex  gum  appears  not  to  be  of  concern 
for  development  of  toxicity.  Although  30  to  85  percent  of  the  nicotine 
content  can  be  released  from  the  gum  into  the  gastrointestinal  tract, 
the  chances  of  nicotine  intoxication  are  quite  low  because  nicotine  is 
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released  slowly  (transit  time  of  the  gums  through  the  gastro-intesti- 
nal  tract  is  16  to  48  hr)  (Brantmark  and  Fredholm  1974),  and  because 
the  nicotine  which  is  released  undergoes  extensive  presystemic 
metabolism.  Simultaneous  ingestion  of  10  unchewed  pieces  of  4-mg 
gum  resulted  in  a  peak  blood  concentration  of  nicotine  of  less  than 
10  ng/ml  (Brantmark  and  Fredholm  1974),  which  is  similar  to  the 
level  attained  by  a  smoker  after  smoking  a  single  cigarette. 

Chronic  Nicotine  Toxicity 

As  attested  to  in  the  Surgeon  General's  reports  since  1964, 
smoking  causes  coronary  and  peripheral  vascular  disease  (1983), 
cancer  (1982),  chronic  obstructive  lung  disease  (1984),  peptic  ulcer 
disease,  and  reproductive  disturbances,  including  prematurity 
(1980).  Tobacco  smoke  is  a  complex  mixture  of  chemicals,  including 
carbon  monoxide,  many  of  which  have  been  implicated  in  human 
disease.  Nicotine  may  contribute  to  tobac(K>-related  disease,  but 
direct  causation  has  not  been  determined  because  nicotine  is  taken 
up  simultaneously  with  a  multitude  of  other  potentially  harmful 
substances  that  occur  in  tobacco  smoke  and  smokeless  tobacco. 

However,  particularly  now  that  nicotine  per  se  may  be  prescribed 
in  the  form  of  gum  or  other  delivery  systems,  the  potential  health 
consequences  of  chronic  nicotine  exposure  deserve  careful  consider- 
ation. 

Cardiovascular  Disease 

Smoking  causes  coronary  and  peripheral  vascular  disease  (US 
DHHS  1983).  Both  nicotine  and  carbon  monoxide  may  contribute  to 
atherosclerotic  vascular  disease  (Figure  1).  Nicotine  could  contribute 
both  to  the  atherosclerotic  process  and  to  acute  coronary  events  by 
several  mechanisms.  Nicotine  could  promote  atherosclerotic  disease 
by  its  actions  on  lipid  metabolism  and  coagulation,  by  hemodynamic 
effects,  and/or  by  causing  endothelial  injury.  Compared  to  nonsmok- 
ers,  cigarette  smokers  have  elevated  low-density  (LDL)  and  very-low- 
density  lipoproteins  (VLDL),  as  well  as  reduced  high-density  lipopro- 
tein (HDL)  levels  (Criqui  et  al.  1986;  Brischetto  et  al.  1983),  a  profile 
associated  with  an  increased  risk  of  atherosclerosis.  Chronic  oral 
nicotine  feeding  has  been  shown  to  increase  LDL  in  monkeys 
(Cluette-Brown  et  al.  1986).  In  one  patient  the  use  of  nicotine 
polacrilex  gum  was  reported  to  increase  serum  total  and  LDL 
cholesterol  and  triglycerides  (Dousset,  Gutierres,  Dousset  1986). 
Nicotine  may  act  by  releasing  free  fatty  acids,  enhancing  the 
conversion  of  VLDL  to  LDL,  impairing  the  clearance  of  LDL  and/or 
by  accelerating  the  metabolism  of  HDL  (Brischetto  et  al.  1983; 
Cluette-Brown  et  al.  1986;  Gnasso  et  al.  1986;  Hojnacki  et  al.  1986). 
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FIGURE  1. — Smoking,  nicotine,  and  coronary  heart  disease 

SOURCE:  Benowitz  (1986d). 

Thrombosis  is  believed  to  play  an  important  role  in  atherogenesis 
(Mehta  and  Mehta  1981).  Platelets  may  release  a  growth  hormone 
which  promotes  the  growth  of  vascular  endothelial  cells,  contribut- 
ing to  the  atherosclerotic  plaque  (Packham  and  Mustard  1986),  The 
blood  of  smokers  is  known  to  coagulate  more  readily  than  the  blood 
of  nonsmokers  (Billimoria  et  al.  1975).  According  to  several  studies, 
platelets  of  smokers  arie  more  reactive,  and  have  a  shorter  survival 
than  those  of  nonsmokers  (Belch  et  al.  1984;  Siess  et  al.  1982; 
Mustard  and  Murphy  1963).  The  importance  of  nicotine  as  a 
determinant  of  platelet  hyperaggregability  is  supported  by  a  study 
showing  that  the  blood  concentrations  of  nicotine,  after  smoking 
different  cigarette,  correlated  with  the  platelet  aggregation  re- 
sponse (Renaud  et  al.  1984).  Nicotine  could  affect  platelets  by 
increasing  the  release  of  epinephrine,  which  is  known  to  enhance 
platelet  reactivity,  by  inhibiting  prostacyclin,  an  antiaggregatory 
hormone  secreted  by  endothelial  cells,  or  perhaps  directly  (Cryer  et 
al.  1976;  Sonnenfeld  and  Wennmalm  1980).  Alternatively,  by  in- 
creasing heart  rate  and  cardiac  output  and  thereby  increasing  blood 
turbulence  or  by  direct  action  nicotine  may  promote  endothelial 
injury. 
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structural  damage  and  increased  mitotic  activity  in  the  aortic 
endothelial  cells  of  nicotine-treated  animals  have  been  reported 
(Booyse,  Osikowicz,  Quarfoot  1981;  Zimmerman  and  McGeachie 
1985, 1987)!  Nicotine  has  also  been  shown  to  modulate  the  structural 
and  functional  characteristics  of  cultured  Vascular  cells  (Csonka  et 
al.  1985;  Thyberg  1986).  In  rats,  nicotine  given  i.v.  or  per  os  p.o. 
produced  dose-dependent  increases  in  circulating  anuclear  carcasses 
of  endothelial  cells  (Hladovec  1978).  In  support  of  the  relevance  of 
animal  or  in  vitro  studies  to  humans,  Davis  and  colleagues  (1985) 
reported  an  increase  in  the  number  of  endothelial  cells  found  in 
venous  blood  (reflecting  endothelial  iiy'ary)  and  a  decrease  in  the 
platelet  aggregate  ratios  (reflecting  platelet  aggregation)  in  non- 
smokers  who  smoked  tobacco  but  not  nontobacco  (made  from  wheat, 
cocoa,  and  citrus  plants)  cigarettes. 

The  above  findings  suggest  that  some  substance  unique  to  tobacco, 
such  as  nicotine,  may  contribute  to  the  pathogenesis  of  atherosclero- 
sis and  complications  of  atherosclerotic  vascular  disease.  Although 
several  potential  mechanisms  by  which  nicotine  may  promote 
atherogenesis  have  been  considered,  nicotine  has  not  been  demon- 
strated to  produce  or  accelerate  atherosclerosis  in  experimental 
animals.  Wald  and  colleagues  (1981)  have  presented  an  argument 
against  the  role  of  nicotine  in  promoting  coronary  heart  disease  in 
that  pipe  smokers,  who  consume  comparable  amounts  of  nicotine 
and  have  similar  levels  of  nicotine  but  lower  levels  of  carbon 
monoxide  in  the  blood  as  cigarette  smokers,  do  not  share  the  same 
ms^itude  of  increased  risk  for  coronary  heart  disease.  However,  the 
possibility  that  nicotine  inhaled  in  cigarette  smoke,  either  due  to 
rapid  aibsorptioh  or  effects  on  pulmonary  afferent  nerves,  affects  the 
cardiovascular  system  differently  than  nicotine  absorbed  more 
slowly  through  mucous  membranes  must  be  considered  (Benowitz 
and  Jacob  1987). 

Based  on  its  pharmacologic  actions,  it  is  likely  that  nicotine  plays 
a  role  in  causing  or  aggravating  acute  coronary  events.  Myocardial 
infarction  can  be  due  to  one  oir  more  of  three  precipitating  factors  - 
excessive  oxygen  and  substrate  demand,  thrombosis,  and  coronary 
spasm.  Nicotine  increases  heart  rate  and  blood  pressure  and, 
therefore,  myocardial  oxygen  consumption.  Carbon  monoxide  in- 
haled in  cigarette  smoke  reduces  the  oxygen  carrying  and  releasing 
capacity  of  the  blood.  VS^en  a  healthy  person  smokes  a  cigarette, 
coronary  blood  flow  increases  to  meet  the  increased  demand  (Nicod 
et  al.  1984).  In  the  presence  of  coronary  artery  itenbsis,  coronary 
blood  flow  cannot  increase  and  ischemia  may  develop,  resulting  in 
angina  pectoris,  myocardial  dysfunction,  or  myocardial  infarction 
(Jain  et  al.  1977).  Nicotine  may  also  directly  reduce  the  increase  in 
coronary  blood  flow  which  occurs  in  response  to  increased  metabolic 
demand,  or  even  cause  an  inappropriate  decrease  in  cdronaiy  blood 
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flow,  so  that  flow  no  longer  matches  increased  myocardial  oxygen 
consumption  (Kaijser  and  Berglund  1985;  Klein  et  al.  1984;  Nicod  et 
al.  1984;  Martin  et  al.  1984).  The  decrease  in  coronary  blood  flow 
with  smoking  appears  to  result  from  alpha-adrenergically  mediated 
coronary  vasoconstriction,  due  to  sympathetic  activation  and/or 
increased  circulating  catecholamines,  either  of  which  is  likely  to  be 
an  effect  of  nicotine  (Winniford  et  al.  1986).  Chronic  nicotine 
exposure  has  been  reported  to  increase  the  size  of  experimentally 
induced  myocardial  infarcts  in  dogs  (Sridharan  et  al.  1985). 

Nicotine  consumed  in  the  form  of  nicotine  gum  has  been  studied  in 
patients  with  coronary  artery  disease.  Nicotine  gum  (4-mg)  increased 
myocardial  contractility  in  healthy  people,  but  in  patients  with 
coronary  artery  disease  nicotine  gum  decreased  contractility  in  the 
ischemic  regions  of  the  myocardium,  consistent  with  aggravation  of 
ischemia  (Bayer,  Bohn,  Strauer  1985).  In  the  most  severe  cases  of 
coronary  artery  disease,  overall  contractility  decreased  after  nic- 
otine polacrilex  gum.  This  study  supports  the  idea  that  nicotine 
contributes  to  smoking-induced  myocardial  ischemia  in  susceptible 
people. 

In  addition  to  creating  an  imbalance  between  myocardial  oxygen 
supply  and  demand,  nicotine  may  promote  thrombosis,  as  discussed 
previously.  Nicotine  may  also  induce  coronary  spasm  by  sympathetic 
activation  or  inhibition  of  prostacyclin.  Coronary  spasm  has  been 
observed  during  cigarette  smoking  (Maouad  et  al.  1984). 

Sudden  cardiac  death  in  smokers  might  result  from  ischemia,  as 
discussed  above,  combined  with  the  arrhythmogeriic  effects  of 
increased  amounts  of  circulating  catecholamines  released  by  nic- 
otine. However,  smoking  has  not  been  demonstrated  to  increase  the 
prevalence  or  magnitude  of  ventricular  ectopy  in  patients  with 
ischemic  heart  disease  (Davis  et  al.  1985;  Meyers  et  al.  1988). 
Cigarette  smoking,  most  likely  mediated  by  nicotine,  facilitates  AV 
nodal  conduction,  which  could  result  in  an  increased  ventricular 
response  during  atrial  fibrillation  (Bekheit  and  Fletcher  1976;  Peters 
et  al.  1988).  Thus,  even  if  the  frequency  of  arrhythmias  is  not 
increased  by  smoking,  the  actions  of  nicotine  may  render  those 
arrhythmias  which  do  occur  more  life-threatening. 

With  respect  to  the  arrh3^hmogenicity  of  nicotine,  two  ease 
reports  are  of  note.  The  first  concerns  a  man  who  developed  atrial 
fibrillation  with  a  rapid  ventricular  response  rate  (150)  while 
chewing  30  pieces  of  2-mg  nicotine  polacrilex  gum  per  day  (Stewart 
and  Catterall  1985).  The  other  case  was  that  of  a  man  with  known 
paroxysmal  atrial  fibrillation  who  developed  a  recurrence  5  min 
after  chewing  the  day's  first  piece  of  nicotine  gum  (Rigotti  and  Eagle 
1986). 

Cigarette  smoking  has  been  associated  with  an  increased  risk  of 
cardiomyopathy,  that  is  a  generalized  reduction  in  contractility  of 
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heart  muscle  (Hartz  et  al.  1984).  Cigarette  smoke  exposure  induces 
cardiomyopathy  in  rabbits  (Gvozdjakova  et  al.  1984).  A  role  of 
nicotine  is  suggested  by  a  study  in  which  dogs  received  injections  of 
nicotine  for  22  months  and  developed  impaired  contraction  of  the 
heart  muscle  with  evidence  of  some  interstitial  fibrosis  on  anatomi- 
cal examination  (Ahmed  et  al.  1976). 

Exercise  tolerance  in  patients  with  intermittent  claudication 
Improves  after  stopping  cigarette  smoking  (Jonason  and  Bergstrom 
1987;  Quick  and  Cotton  1982).  Nicotine  could  aggravate  peripheral 
vascular  disease  by  constricting  small  collateral  arteries  and/or  by 
inducing  local  thrombosis.  The  effect  of  nicotine  replacement 
therapy  on  symptoms  of  peripheral  vascular  disease,  as  on  exercise 
tolerance,  in  comparison  to  cigarette  smoking,  requires  further 
investigation. 

On  balance,  short-term  nicotine  administration,  such  as  nicotine 
replacement  therapy  as  an  adjunct  to  smoking  cessation  therapy, 
presents  little  cardiovascular  risk  to  healthy  individuals.  Patients 
with  coronary  or  peripheral  vascular  disease  are  likely  to  suffer 
some  increase  in  risk  when  taking  nicotine,  but  considerably  less 
risk  than  with  cigarette  smoking,  which  exposes  them  also  to  both 
carbon  monoxide  and  higher  levels  of  nicotine. 

Hypertension 

Although  cigarette  smoking  and  nicotine  per  se  increase  blood 
pressure,  cigarette  smoking  alone  is  not  a  risk  factor  for  chronic 
hypertension  (Green,  Jucha,  Luz  1986).  Conceivably,  factors  such  as 
lower  body  weight  or  altered  dietary  intake,  which  may  be  associated 
with  cigarette  smoking,  might  lower  blood  pressure  to  compensate 
for  any  blood  pressure  elevation  due  to  nicotine. 

However,  progression  of  chronic  hypertension  to  accelerated  or 
malignant  hjrpertension  is  much  more  likely  in  cigarette  smokers 
(Isles  et  al.  1979;  Petitti  and  Klatsky  1983).  Nicotine  could  contribute 
to  this  progression  by  a^avating  vasoconstriction,  either  via 
sympathetic  activation  or  inhibition  of  prostaglandin  S5mthesis. 
Animal  studies  indicate  that  nicotine  may  reduce  renal  blood  flow 
which,  in  a  patient  with  marginal  renal  blood  flow  due  to  hyperten- 
sive vascular  disease,  could  cause  renal  ischemia  and  aggravate 
hypertension  (Downey,  Crystal,  Bashour  1981).  Thus,  there  is 
concern  about  nicotine  replacement  therapies  in  patients  with 
severe  hypertension. 

Tobacco,  most  likely  due  to  effect  of  nicotine,  may  interact  with 
particular  hypertensive  diseases.  For  example,  a  patient  with 
pheochromocytoma  (a  catecholamine-secreting  tumor)  developed 
paroxysmal  hjHpertension  and  angina  pectoris  following  the  use  of 
oral  snuff  (McPhaul  et  al.  1984).  Within  10  min,  blood  pressure 
increased  from  110/70  mmHg  to  300/103  mmHg  and  heart  rate  from 
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70  to  110.  Rechalleiige  with  snuff  after  surgical  removal  of  the 
pheochromocytoma  revealed  only  a  mild  blood  pressure  increase. 
Another  patient  with  previously  controlled  essential  hypertension 
presented  with  a  blood  pressure  of  210/115  mmHg  prior  to  surgery 
(Wells  et  al.  1986).  A  mass  of  snuff  was  found  in  the  patient's  cheek. 
The  snuff  was  removed  and  blood  pressure  returned  to  150/85 
mmHg  within  15  min. 

Wound  Healing 

Adequate  blood  flow  to  the  skin  is  important  for  wound  healing. 

Cigarette  smoking  and  nicotine  polacrilex  gum  reduce  skin  blood 
flow  (Fredholm  and  Sawe  1981;  Allison  and  Roth  1969;  Carlsson  and 
Wennmalm  1983).  In  rats,  exposure  to  cigarette  smoke  decreases 
survival  of  surgical  flaps  (Kaufman  et  al.  1984;  Lawrence  et  al.  1984; 
Craig  and  Rees  1985).  Cigarette  smoking  has  been  associated  with  a 
twelvefold  increased  risk  of  experiencing  skin  slough  after  facelift 
surgery  (Rees,  Liverett,  Guy  1984).  It  is  conceivable  that  nicotine 
substitution  therapy  might  also  delay  wound  healing,  but  no  human 
data  are  as  yet  available. 

Reproductive  Hazards 

Teratogenicity 

Nicotine  rapidly  crosses  the  placenta  and  enters  the  fetus  (Suzuki 
et  al.  1974).  Nishimura  and  Nakai  (1958),  Landauer  (1960),  and  Khan 
and  coworkers  (1981)  have  described  teratogenic  effects  of  high  doses 
of  nicotine,  which  interfered  with  skeletogenesis  in  mice  and  chick 
embryos.  Chronic  nicotine  treatments  of  pregnant  rats  throughout 
gestation  produced  subtle  neurological  changes  which  manifested 
themselves  as  behavioral  or  electrophysiological  alterations  in  the 
offspring  (Peters  and  Ngan  1982;  Hudson,  Meisami,  Timiras  1973; 
Martin  and  Becker  1971).  Wang,  Chen,  and  Schraufnagel  (1984) 
found  that  pre-  and  postnatal  exposure  to  nicotine  induced  structur- 
al changes  in  the  lungs  of  fetal  mice.  Maternal  exposure  to  nicotine 
also  inhibited  glucose  metabolism  in  fetal  lung  tissue  (Maritz  1986). 
Thus,  several  studies  suggest  that  nicotine,  at  least  in  high  doses, 
may  have  toxic  effects  on  the  fetus. 

Whether  cigarette  smoking  is  associated  with  increased  rates  of 
congenital  malformations  in  humans  is  controversial.  Several  stud- 
ies show  no  association  or  a  lower  incidence  of  malformations  in 
offspring  of  smoking  mothers  (Comstock  and  Lundin  1967;  Goujard, 
Rumeau,  Schwartz  1975;  Meyer  and  Tonascia  1977;  Elvans,  New- 
combe,  Campbell  1979;  Shiono,  Klebanoff,  Berendes  1986;  Hem- 
minki,  Mutanen,  Salonieni  1983),  but  others  report  positive  associa- 
tions (Himmelberger,  Brown,  Cohen  1978;  Fedrick  1978;  Kelsey  et  al. 
1978).  One  study  has  reported  an  association  between  paternal 
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smoking  and  the  incidence  of  congenital  malformations  (Mau  and 
Natter  1974). 

Pregnancy 

Cigarette  smoking  during  pregnancy  increases  the  risk  of  low 
birth  weight,  prematurity,  spontaneous  abortion,  and  perinatal 
mortality  in  humans,  which  has  been  referred  to  as  the  fetal  tobacco 
syndrome  (Nieburg  et  al.  1985)  (also  reviewed  in  detail  in  the  1980 
Surgeon  General's  Report).  Nicotine  influences  implantation  and 
embryo  development  in  some  laboratory  animal  studies  (Hudson  and 
Timiras  1972;  Card  and  Mitchell  1979;  Hammer  and  Mitchell  1979). 
At  least  one  adverse  outcome,  reduced  birth  weight,  is  correlated 
with  the  level  of  cotinine,  the  major  metabolite  of  nicotine,  ,  in  the 
mother's  serum  (Haddow  et  al.  1987). 

Nicotine  in  high  concentrations  markedly  decreases  the  in  yitro 
development  of  rabbit  preimplantation  embryos  and  inhibits  DNA 
synthesis  (Balling,  and  Beier  1985).  Injection  of  nicotine,  7.5  mg  twice 
each  day  from  proestrus  through  pregnancy  in  rats,  resulted  in  a 
delay  in  the  entry  of  the  ovum  into  the  uterus,  implantation,  and 
subsequent  development  of  the  ovum  (Yoshin^a  et  al.  1979).  It  was 
suggested  that  nicotine  acted  by  delaying  progesterone  secretion, 
which  is  necessary  to  prepare  the  uterus  for  implantation,  and  by 
other  disturbances  of  hormone  release.  Another  study  in  rats 
reported  that  low  doses  of  nicotine  injected  subcutaneously  (0.1 
mg/kg/day)  from  day  14  to  the  end  of  pregnancy  had  no  effect  on 
litter  size  or  fetal  development,  but  higher  doses  (1  mg/kg/day), 
comparable  to  those  consumed  by  heavy  smokers,  reduced  litter  size 
and  increased  the  number  of  still  births  (Hamosh,  Simon,  Hamosh 
1979).  Further  research  is  needed  to  determine  if  there  are  direct 
adverse  effects  of  nicotine  on  the  embryo  or  fetus  at  levels  of  nicotine 
comparable  to  those  observed  in  cigarette  smokers. 

A  likely  mechanism  for  the  reproductive  problems  in  pregnant 
cigarette  smokers  is  placental  insufficiency,  which  is  supported  by 
evidence  of  placental  hypoperfusion  in  cigarette  smoking  mothers 
(Naeye  1978;  Philipp,  Pateisky,  Endler  1984).  The  factors  most  likely 
to  affect  the  placenta  are  carbon  monoxide  and  nicotine,  both  agents 
having  the  potentisil  of  impairing  oxygen  supply  to  the  fetus. 

Inhsdation  of  carbon  monoxide  results  in  elevation  of  both 
maternal  and  fetal  carboxyhemoglobin  (Asmussen  and  Kjeldsen 
1975;  Lohgo  1977).  Nicotine  infusion  in  pregnant  sheep  increases 
uterine  vascular  resistance  and  reduces  uterine  blood  flow,  effects 
which  appear  to  be  mediated  by  catecholamine  release  (Ayromlooi, 
Desiderio,  Tobias  1981;  Resnick,  Brink,  Wilkes  1979).  Both  c^arette 
smoking  and  nicotine  gum  increase  fetal  heart  rate  during  the 
second  trimester  in  humans,  consistent  with  sympathetic  activation 
(Lehtovirta  et  al.  1983).  During  the  third  trimester  in  humems, 
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cigarette  smoking  or  nicotine  gum  chewing  decreases  fetal  heart  rate 
and  reduces  fetal  breathing  movements,  both  of  which  may  be  signs 
of  fetal  hypoxia  (Lehtovirta  et  al.  1983;  Grennser,  Marsal,  Brantmark 
1975;  Manning  and  Feyerabend  1976).  Elevated  levels  of  catechol^ 
amines  in  amniotic  fluid  in  human  smokers  during  the  third 
trimester  indicate  sjnnpathetic  activation  in  the  fetus,  consistent 
with  fetal  hypoxia  and/or  direct  effects  of  nicotine  (Divers  et  al. 
1981).  The  above  findings  suggest  that  nicotine  contributes  to  the 
adverse  effects  of  cigarette  smoking  on  reproduction  probsJjly  by 
acting  on  the  utero-placental  circulation.  Besides  producing  func- 
tional dhanges,  carbon  monoxide  and  nicotine  might  also  be  responsi- 
ble for  the  injury  to  the  intimal  ultrastructure  of  the  umbilical 
artery  seen  in  smoking  mothers  (Asmussen  and  Kjeldson  1975),  Fetal 
hypoxemia  has  also  been  considered  as  a  contributory  cause  of 
behavioral  abnormalities,  such  as  hyperactivity,  short  attention 
span,  lower  scores  on  spelling  and  reading  tests,  which  occurred  at  a 
higher  frequency  in  children  whose  mothers  had  smoked  throughout 
pregnancy  than  in  those  born  to  nonsmoking  mothers  (Naeye  and 
Peters  1984). 

Pulmonary  Toxicity 

Cigarette  smoking  is  the  major  cause  of  chronic  obstructive  lung 
disease  (US  DHHS  1984).  Nicotine  may  directly  or  indirectly 
influence  the  development  of  emphysema  in  smokers.  It  rapidly 
accumulates  in  the  pulmonary  epithelial  cells  and  some  of  its 
metabolites  are  retained  in  the  lung  for  prolonged  periods  (Waddell 
and  Marlowe  1976;  Szuts  et  al.  1978). 

Chronic  bronchial  wall  inflanmiation  with  accumulation  of  alveo- 
lar macrophages  and  poljnnorphonuclear  neutrophils  into  the  lung 
occur  in  response  to  habitual  cigarette  smoke  exposure  (Janoff  1983, 
1985).  Macrophages  and  neutrophils  release  elastase,  an  enzyme  that 
destroys  alveolar  structure.  Stone  and  colleagues  (1983)  found  that 
alpha-l-antitrypsin,  an  inhibitor  of  elastase*  may  also  be  partially 
inactivated  by  cigarette  smoke^  probably  related  to  effects  of  oxidant 
gases.  Nicotine,  which  possesses  chemotactic  properties  for  neutro- 
phils (Totti  et  al.  1984;  Jay,  Kojima,  Gillespie  1986)  and  can 
stimulate  the  production  of  elastase  as  shown  for  the  pancreas  in 
vivo  .(Morosco  et  al.  1981),  may  play  a  role  in  increasing  els^tase 
levels  in  the  lungs.  In  addition,  nicotiQe  may  adversely  affect  l^e 
repair  of  connective  tissue  since  it  .  has  been  reported  to  cause 
structural  alterations  and  inhibition  of  collagen  synthesis  in  fibro- 
blast cultures  (Chamson  et  al.  1980;  Chamson,  Frey^  Hivert  1982; 
Hurst  and  Gilbert  1979). 

Several  other  studies  suggest  that  nicotine  may  contribute  to  the 
development  of  emphysema  in  smokers.  Lai  and  Diamond  <1987) 
showed  that  repeated  inhalation  of  smoke  from  h^h,  but  not  from 
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low,  nicotine  cigarettes  significantly  augmented  experimentally 
induced  emphysema  in  rats.  Lelcuk  and  coworkers  (1986)  reported 
that  nicotine  instilled  directly  into  the  airways  induced  edema.  In 
the  rat,  a  variety  of  ingredients  of  both  the  particulate  and  vapor 
phase  of  cigarette  smoke  are  capable  of  increasing  vascular  perme- 
ability and  producing  edema  in  the  tracheobronchial  mucosa  (Lund- 
berg  et  al.  1983).  This  effect,  which  was  traced  to  the  stimulation  of 
substance  P-containing  pulmonary  vagal  afferent  neurons,  was 
duplicated  by  nicotine  (Lundberg,  Saria,  Martling  1982).  In  the 
guinea  pig,  inhaled  cigarette  smoke  damaged  the  mucosal  barrier 
and  increased  permeability  to  horseradish  peroxidase  by  disrupting 
the  intercellular  tight  junctions  of  the  bronchial  epithelium  (Bouch- 
er et  al.  1980).  In  smokers,  Mason  and  coworkers  (1983)  documented 
an  increase  in  pulmonary  epithelial  permeability  in  all  lung  regions 
using  a  radioaerosol  procedure.  In  contrast,  neither  aerosolized  nor 
injected  nicotine,  given  over  a  period  of  2  to  3  weeks,  causes  secretory 
cell  hyperplasia  (Rogers,  Williams,  Jeffery  1986)  and  there  is  little 
evidence  that  nicotine  contributes  to  the  development  of  chronic 
bronchitis.  Further  research  is  needed  to  define  the  magnitude  of  the 
contribution  of  nicotine  to  the  pathogenesis  of  smoking-induced 
chronic  lung  disease. 

Nicotine  can  also  worsen  pulmonary  function  in  smokers  who 
already  have  lung  disease.  Acute  exposure  to  nicotine  induces 
Constriction  of  both  central  and  peripheral  airways  (Yamatake, 
Sasagawa,  Yanaura  1978).  The  increase  in  airway  resistance  by 
nicotine  involves  vagal  reflexes  and  stimulation  of  parasympathetic 
ganglia  in  the  bronchial  wall  (Nakamura  et  al.  1986).  The  magnitude 
of  bronchoconstriction  observed  in  experimental  animals  and  hu- 
mans following  acute  inhalation  of  cigarette  smoke  is  correlated 
with  the  level  of  nicotine  in  the  smoke  (Shepherd,  Collins,  Silverman 
1979;  Rees,  Chowienczyk,  Clark  1982;  Lee  et  al.  1983;  Nakamura  et 
al.  1985;  Hartiala  et  al.  1985;  Beck  et  al.  1986),  suggesting  that 
nicotine  may  be  an  important  factor  in  the  increased  airway 
resistance  of  smokers. 

Genotoxicity  and  Carcinogenicity 

Smoking  of  cigarettes  is  causally  related  to  cancer  of  the  respira- 
tory tract,  the  upper  digestive  tract,  pancreas,  renal  pelvis,  and 
bladder;  cigarette  smokers  also  face  an  increased  risk  for  cancer  of 
the  cervix  (US  DHHS  1982;  lARC  1986).  Many  carcinogenic  agents 
have  been  identified  in  cigarette  smoke,  however,  not  a  single 
component  nor  chemical  group(s)  of  components  is  solely  responsible 
for  the  carcinogenic  activity  of  cigarette  smoke  in  the  various  organs. 
Laboratory  bioassays  suggest  that  polynuclear  aromatic  hydrocar- 
bons and  N-nitrosamines  play  significant  roles  in  the  induction  of 
cancer  in  smokers  (US  DHHS  1982;  lARC  1986).  Nicotine,  the 

604 


principal  alkaloid  in  tobacco  smoke,  has  also  been  examined  for  its 
genotoxic  and  carcinogenic  activity.  In  the  Ames'  Salmonella 
typhimurium  mutagenesis  and  mammalian  cell  cytogenetic  assays, 
nicotine  did  not  possess  any  genotoxic  activity,  although  it  induced 
reparable  DNA  damage  in  the  Escherichia  coli  pol  A+/A-  system 
(Bishun  et  al.  1972;  Florin  et  al.  1980;  Riebe,  Westphal,  Fortnagel 
1982;  Riebe  and  Westphal  1983). 

In  earlier  studies,  nicotine  and  its  primary  metabolites  were 
reported  to  possess  weak  tumorigenic  activity  (Truhaut,  De  Clercq, 
Loisillier  1964;  Boyland  1968),  which  subsequent  investigations  did 
not  confirm  (Schmahl  and  Osswald  1968;  Martin  et  al.  1979;  Toth 
1982;  LaVoie  et  al.  1985).  Nicotine  lacked  cocarcinogenic  activity  in 
the  urethane-induced  mouse  pulmonary  adenoma  model  (Freelander 
and  French  1956),  but  was  found  to  be  a  cocarcinogen  in  the 
benzo(a)p5rrene-tetradecanoyl  phorbol  acetate  mouse  skin  tumorigen- 
esis  model  (Bock  1980).  The  mechanism  of  cocarcinogenic  activity  is 
not  clearly  understood.  Two  primary  metabolites  of  nicotine,  coti- 
nine  and  nicotine-N'-oxide,  failed  to  promote  N-(4-(5-nitro-2-furyl)-2 
thiazyl)  formamide  (FANFT)-induced  urinary  bladder  tumors  in  rats 
(LaVoie  et  al.  1985).  On  balance,  it  appeal^  that  nicotine  does  not 
possess  direct  carcinogenic  activity. 

During  processing  and  pyrolysis  of  tobacco,  nicotine  can  be  N'- 
nitrosated  to  form  N'-nitrosonomicotine  and  other  related  com- 
pounds (Figure  2)  (Hoffmann  and  Brunnemann  1983;  Hoffmann  and 
Hecht  1985).  These  tobacco-specific  N'-nitrosoamines  are  found  in 
substantial  concentrations  in  American  snuff,  as  well  as  in  main- 
stream tobacco  smoke  (Table  2),  and  in  the  saliva  of  snuff  dippers 
(Hoffmann  and  Adams  1981;  Palladino  et  al.  .1986).  Tobacco  specific 
N-nitrosoamines  are  highly  carcinogenic  in  animals  and  are  suspect- 
ed to  contribute  to  cancer  related  to  cigarette  smoking  and  smokeless 
tobacco  use  (Hoffmann,  LaVoie,  Hecht  1985;  Hoffmann  and  Hecht 
1985).  There  is  also  concern  that  nicotine  may  be  N-nitrosated  within 
the  human  body.  Endogenous  formation  of  N-nitrosoproline  (a 
noncarcinogenic  marker  of  endogenous  N-nitrosation)  has  been 
documented  in  cigarette  smokers  (Hoffmann  and  Brunnemann  1983; 
Tsuda  et  al.  1986).  Whether  nicotine-derived  nitrosoainines  are 
formed  endogenously  in  amounts  sufficient  to  contribute  tob^cer  in 
humans  exposed  to  nicotine  per  se  (such  as  with  nicotine  reJHace- 
ment  therapy)  remains  to  be  determined. 

Gastrointestinal  Disease 

In  peptic  ulcer  disease,  cigarette  smoking  is  a  risk  factor  for  its 
development,  and  an  even  stronger  risk  factor  for  delayed  healing, 
failure  to  respond  to  therapy,  and  relapse  (Kikendall,  Evaul, 
Johnson  1984).  In  animals,  nicotine  potentiates  peptic  ulcer  forma- 
tion induced  by  histamine  or  pentagastrin  (Konturek  et  al.  1971;  Lee 
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FIGURE  2, — Formation  of  tobacco-specifilc  nitrosamines 

NOTE:  NNAL,  4-(inethylnitrosainino)-l-(3-pyridyl)butan-l-ol;  NNK,  4^inethylnitro6amino)-J-(3-pyridyl)-M>utar 
none;  NNN,  N'-nitroso&ornicotine;  NAB,  N'-nitrosoanabasine  NAT,  N'-nitrosoanatabine. 
SOUROE:  US  DHHS  (IMS). 

TABLE  2. — ^Tobacco-specific  nitrosamines  in  commercial 
U.S.  tobacco  products 


Tobacco  product 


NNN 


NNK 


NAT  +  NAB 


Smokeless  tobacco 

Chewing  tobacco '  (ppb) 
Snuff'  (piA) 

Mainstream  smoke 

Cigarette,  NF  (ng/cig) 
Cigarette,  French  Black,  NP 
Cigarette,  F  (ng/cig) 
Little  cigar,  F  (ng/cigar) 
Cigar  (ng/cigar) 

Sidestream  smoke 

Cigarette,  NF  (ng/cig) 
Cigarette,  F  (ng/cig) 


3500-82Q0 
800-«9,d00 


120-950 
500 
50-310 

5500 
3200 


lOCK^OOO 
20O-«300 


80-770 
220 

3(^150 
4200 
1900 


500-7000 
200-4000 


140-890 

350 
60-370 
1700 
1900 


1700 
150 


410 
190 


270 
150 


NOTE:  NNN,  N'-nitrosonomicotine;  NNK,  4-(methyInitro5amino)-l-;(3-pyri(iyl)-l-butanone;  NAT,  N'-nitrosoana- 
tabine; NAB,  N'-nitrosoanabasine;  NF,  without  filter  tip;  F,  with  filter  tip. 

'Chewing  tobacco  and  snuff  also  contain  <200  ppb  NNAL,  4-(methylnitrosamino)-l-(3-pyridyl)butan-l-ol. 
SOURCE:  Hoffmann,  UVoie,  Hecht  (1985). 


and  Gruber  1952),  Several  mechanisms  by  which  nicotine  acts  in  this 
regard  have  been  proposed.  (1)  Chronic  treatment  in  rats  increases 
basal  acid  secretion,  an  effect  which  appears  to  be  mediated  by 
paras3nnpathetic  mechanisms  (Thompson  and  George  1972).  Chronic 
cigarette  smoking  may  induce  hypersecretion  of  acid  in  response  to 
secretory  stimuli.  (2)  Infusion  of  nicotine  in  animals  and  cigarette 
smoking  by  people  reduces  pancreatic  bicarbonate  secretion,  which 
normally  neutralizes  acid  entering  the  duodenum  (Solomon  et  al. 
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1974;  Murthy  et  al.  1977).  This  could  result  in  increased  acid  delivery 
to  the  duodenum,  thereby  increasing  the  risk  of  ulceration.  (3) 
Smoking  may  impair  the  mucosal  barrier  to  acid-mediated  injury. 
Smoking,  apparently  acting  through  nicotine,  decreases  mucosal 
blood  flow  and  inhibits  mucosal  prostaglandin  synthesis,  both  of 
which  may  impair  the  effectiveness  of  the  gastric  mucosal  barrier, 
which  protects  the  stomach  lining  against  acid  (Chujoh  and  Nakaza- 
wa  1981;  Kawano  et  al.  1982;  Quimby  et  al.  1986).  (4)  Cigarette 
smoking  reduces  both  lower  esophageal  and  pyloric  sphincter 
pressures  (Chattopadhyay,  Greaney,  Irvin  1977;  Valenzuela,  Defflip- 
pi,  Csendes  1976),  resulting  in  gastroesophageal  reflux  and  duodeno- 
gastric  reflux,  respectively.  The  former  may  result  in  reflux  symp- 
toms (heartburn)  (Stanciu  and  Bennett  1972),  while  the  latter  may 
cause  reflux  of  bile  acids  and  lysolecithin,  which  are  known  to  break 
down  the  gastric'  mucous  barrier.  A  direct  role  of  nicotine  is 
suggested  by  studies  in  opposums  showing  that  intravenous  nicotine 
reduces  lower  esophageal  sphincter  pressure  (Rattan  and  Goyal 
1975). 

The  relative  importance  of  local  exposure  to  nicotine  (as  from 
swallowing  nicotine  from  nicotine  polacrilex  gum)  versus  exposure  to 
nicotine  via  the  bloodstream  in  producing  the  above  effects  is 
unclear.  In  view  of  the  extremely  high  concentrations  of  nicotine  in 
saliva  as  compared  to  blood,  local  toxicity  must  be  considered  until 
proven  otherwise  to  be  an  additional  risk  of  nicotine  polacrilex 
chewing  gum  for  patients  with  ulcer  disease  or  symptoms  of 
esophageal  reflux. 

Summary  and  Conclusions 

1.  At  high  exposure  levels,  nicotine  is  a  potent  and  potentially 
lethal  poison.  Human  poisonings  occur  primarily  as  a  result  of 
accidental  ingestion  or  skin  contact  with  nicotine-containing 
insecticides  or,  in  children,  after  ingestion  of  tobacco  or  tobacco 
juices. 

2.  Mild  nicotine  intoxication  occurs  in  first-time  smokers,  non- 
smoking workers  who  harvest  tobacco  leaves,  and  people  who 
chew  excessive  amounts  of  nicotine  gum.  Tolerance  to  these 
effects  develops  rapidly. 

3.  Nicotine  exposure  in  long-term  tobacco  users  is  substantial, 
affecting  many  organ  systems  (Chapters  II  and  III).  Pharmaco- 
logic actions  of  nicotine  may  contribute  to  the  pathogenesis  of 
smoking-related  diseases,  although  direct  causation  has  not  yet 
been  determined.  Of  particular  concern  are  cardiovascular 
disease,  complications  of  hypertension,  reproductive  disorders, 
cancer,  and  gastrointestinal  disorders,  including  peptic  ulcer 
disease  and  gastroesophageal  reflux. 
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4.  The  risks  of  short-term  nicotine  replacement  therapy  as  an  aid 
to  smoking  cessation  in  healthy  people  are  acceptable  and 
substantially  outweighed  by  the  risks  of  cigarette  smoking. 
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BRAIN 
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blood-brain  barrier,  nicotine  isome- 
thonium  penetration,  57 

caudate  nucleus,  94 

central  grey  matter,  86-87 

cerebellum,  94 

cerebral  cortex,  94 

chemical  mediation  of  nicotine,  8 
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tom, 202,  204 
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polacrilex  gum,  208 


621 


INDEX 


BRAIN— Contd. 
dentate  gyrus,  94 
electrocortical  effects  of  nicotine, 
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glucose  utilization,  nicotine  stimula- 
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hippocampus,  94,  99-100,  109 
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86 
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81 

lateral  geniculate  body,  86 
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lateralized  affective  processors  mod- 
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medial  habenulae,  86,  94,  95 

metabolism,  binding  sites,  85-86 

nerve  cells,  nicotine  concentrations, 
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putamen,  94 

rapid  nicotine  uptake,  32=33 
rat  cerebellum,  nicotine  effects,  92- 
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relative  nicotine  level,  32 
retrosplenial  cortex,  86 
substantia  nigra  pars  compacta,  94 
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ventral  tegmental  area,  86-88,  94 

BUNGAROTOXIN 

binding  sites,  47 

binding  studies,  mammalian  brain, 
91-94 

nicotinic  cholinergic  receptors,  88- 
89 
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receptor  measurement,  53 

CAFFEINE 

cigarette  consumption  effects,  167 
nonreinforcer,  281 

CANADA 

body  weight,  smokers  ,  vs.  nonsmok- 
ers  and  ex-smokers,  417 

CARBON  MONOXIDE 

carboxyhemoglobin  content,  59 
smoking  behavior,  154 
toxicity,  59 

visual  information  processing  task, 
smoking  effects,  384 

CARBOXYHEMOGLOBIN 

carbon  monoxide  exposure,  59 
concentration,  39 

CARCINOGENESIS 
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bol  acetate,  604 

bladder,  604 

respiratory  tract,  604 

tobacco  cigeirettes  vs.  nicotine  pola- 
crilex gum,  215 

CARDIOVASCULAR  SYSTEM 

{See  also  CORONARY  HEART  DIS- 
EASE) 

acute  tolerance,  48,  49 

atherosclerosis,  596-598 

body  weight,  smokers  vs.  nonsmok- 
ers  and  ex-smokers,  417,  422. 
427 

carbon  monoxide  effects,  596 
cardiomyopathy,  599-600 
contribution  of  nicotine,  56 
coronary  artery  disease,  598 
low-density  lipoproteins,  596 
nicotine  and  carbon  monoxide,  116- 
117 

nicotine  effects,  596-601 
stress  and  smoking,  US   •  ; 
Surgeon  General's  Report,  12 
thrombosis,  597-598 
very  low-density  lipoproteins,  596 
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amniotic  fluid,  603 
nicotine  effects  on  central  neurons, 
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release  from  extra-adrenal  chromaf- 
fin tissues,  97-98 
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CELLS 

nerve,  nicotine  concentrations,  85 

CENTRAL  NERVOUS  SYSTEM 

nicotine  concentrations,  83-84 
nicotine  isomethonium,  57 
nicotinic  cholinergic  receptors,  89 
pre-  or  postsynaptic  release  of  ace- 
tylcholine, 95 
psychoactive  drugs,  267 
tranquilization  effects  of  nicotine, 
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CESSATION  OF  SMOKING 

{See  also  ABSTINENCE;  DEPRIVA- 
TION; WITHDRAWAL  SYMP- 
TOMS; WITHDRAWAL  SYN- 
DROME) 

blacks  vs.  whites,  572 

criteria,  516 

heavy  vs.  light  smokers,  success 
rates,  577 

males  vs.  females,  580,  581 

measurements,  576,  58Q 

men,  neuroticism,  402 

physical  activity  changes,  435 

program  development,  nicotine  ad- 
diction, 6 

quit  attempts,  150 
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tion, 206 
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spontaneous  remission,  255-259 
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Surgeon  General's  Report,  12 
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weight  gain,  414,  416,  422,  423, 
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METHODS 

{See  also  NICOTINE  DELIVERY, 
ALTERNATE;  NICOTINE  POLA- 
CRILEX  GUM;  NICOTINE  RE- 
PLACEMENT; TREATMENT) 

acupuncture,  504 

contingency  contracting,  494-495 

hypnosis,  504 

nicotine  addiction,  BrS 
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nicotine  vapor  inhaler,  212 

self-efficacy,  497 
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stimulus  control,  497 
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biological  samples,  256,  259 
interpretation,  259 
sensitivity,  259 
specificity,  259 

CHEMICAL  STRUCTURE 

nicotine,  27 

nicotine  metabolites,  35 
tobacco  alkaloids,  minor,  27 

CHEWING  TOBACCO 

nicotine  absorption,  29,  31 
nicotine  levels,  38 

CHILDREN 

negative-  and  positive-affect  regula- 
tion, smoking,  399 

smoking  and  body  weight  beliefs, 
438 

CHOLINERGIC  AGENTS 

acetylcholine  release,  81 
interaction  with  biogenic  amine 

pathways,  98 
nicotine  effects  on  central  and  pe- 
ripheral nervous  systems,  96-97 

CIGAR  SMOKING 

body  weight,  smokers  vs.  nonsmok- 

ers,  417,  419 
nicotine  levels,  38 

prevalence,  men,  1964  to  1986,  580. 
582 

Surgeon  General's  Report,  12 

CIGARETTES,  HIGH-NICOTINE 

affect  modulation,  405 

blood  nicotine  levels,  39 

brand  loyalty,  567 

carboxyhemoglobin  levels,  39 

effects  on  recall,  389 

emphysema,  604 

knee-jerk  reflex,  45 

visual  information  processing  task, 

smoking  effects,  384 
yields  of  nicotine,  26 

CIGARETTES,  HiGH-TAR 

brand  loyalty,  567 
visual  information  processing  task, 
smoking  effects,  384 
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CIGARETTES,  fflGH-YIELD 

carbon  monoxide,  59 

heart  rate,  partial  tolerance,  55^=56 

smoking  behavior,  163 

CIGARETTES,  LOW-NICOTINE 

affect  modulation,  405 
effects  on  recall,  389 
emphysema,  604 
knee-jerk  reflex,  45 
Surgeon  General's  Report,  12 
visual  information  processing  task, 
smoking  effects,  384 

CIGARETTES,  LOW-TAR 

Surgeon  General's  Report,  12 
visual  information  processing  task, 
smoking  effects,  384 

CIGARETTES,  LOW-YIELD 

carbon  monoxide,  59 
consumption,  health  risks,  566 
heart  rate,  partial  tolerance,  55^^ 
vented,  smoke  concentration,  159- 
161 

COCAINE 

cost,  283-284 
crack,  281 

increase  in  use,  305-306 
multidrug  use,  261=264 
place  conditioning,  285 
starter  drug,  278 

COFFEE  CONSUMPTION 

smokers  vs.  nonsmokers,  437 

COGNITION 

concentration  difficulty,  withdrawal 

symptom,  199,  201,  204,  205, 

208.  21Q 
euphoria  and  dysphoria,  117 
oral  contraceptive  use,  response  to 

stress,  118-119 
stressor  response  among  women, 

118 

task  performance,  394 

CONDITIONING 

behavioral  tolerance,  289 
cues  to  smoke,  465 
drug  use  as  learned  behavior,  307- 
309 

drug-opposite  response,  289 
nicotine  addiction,  465 
pharmacologic  and  psychological 

factors,  465 
physiological  reactions,  466 


CONDITIONING-Contd. 

place  preference  and  aversion,  194, 
284 

placebo  effects,  309 
taste  aversion,  194 

CONSUMPTION 

adolescents,  260 
adolescents,  stress  factor,  400 
adults,  effects  of  stress,  401 
body  weight  effects,  415,  416,  417, 

419.  420.  423.  426.  431 
children,  smoking  and  body  weight 

beliefs,  438 
frequency  and  multiple  drugs,  263- 

264 

heavy  smokers,  stress,  403 
heavy  vs.  light  smokers,  smoking 

cessation  success,  577 
high-yield  cigarettes,  163 
multiple  drugs,  260 
occasional  tobacco  use,  253-254 
prediction,  262-263 
progression  of  drug  use,  261-263 
race,  age,  and  gender  factors,  579 
severity  of  withdrawal  symptoms, 

206 

United  States,  1973  to  1987,  567 
United  States,  estimation  through 

taxes,  565 
United  States,  per  capita  decline, 

565-566 

CONTROLLED  SMOKING 

compensatory  behavior,  499-500 
outcomes,  499-500 
parameters,  499 
prospects  for  abstinence,  500 

COPING  STRATEGIES 

cognitive  versus  behavioral  tech- 
niques, 530^1 
retrospective  bias,  551 
self-punitive  cognitions,  531 
short-  and  long-term  effects,  496  . 
skill-based  treatment,  532 
skills  training,  496 
stimulus  control,  530^531 
stress  and  smoking  habit,  402 
willpower,  531 

CORONARY  HEART  DISEASE 

(See  also  CARDIOVASCULAR  SYS- 
TEM) 
ischemia,  mortality 
myocardial  infarct,  598-.'S99 


624 


INDEX 


CORONARY  HEART  DISEASE- 

Contd. 

myocardial  infarct,  weight  gain  af- 
ter smoking  cessation  or  continu- 
ation, 426 

pharmacodynamic  aspects,  nicotine, 
56 

risk,  598 

stress  and  smoking,  118 
Surgeon  General's  Report,  11 

CORTICOSTEROIDS 

corticosterone  and  tolerance,  52 
plasma  corticosterone  levels,  100- 
101.  103 

plasma  levels  and  cigarette  smok- 
ing, 

COST 

alternate  nicotine  delivery  systems, 
214 

individual  and  social,  252 
positive  and  negative  incentives, 
284 

required  work,  283-284 
time,  283 

COTININE 

bioassay  comparison,  38^40 
biochemical  detection,  515 
:  blood  levels  with  nicotine  polacri- 

lex  gum,  withdrawal  symptoms, 

209 
content,  28 

daily  cigarette  consumption,  16Q 

discrimination,  nicotine-trained  ani- 
mals, 172 

levels  and  severity  of  withdrawal 
symptoms,  206-207 

metabolites,  34 

nicotine  metabolite,  34-38 

structure,  27 

tobacco-use  marker,  38,  40 

CRAVING 

abstinence,  205 
definitions,  295 
gender  difference,  523 
measurement  problems,  211 
mecamylamine  effects,  485 
nicotine  polacrilex  gum,  208-209, 

210.  475 
plasma  nicotine  levels,  211 
precipitating  factors,  211 
recurrent  and  persistent,  absti- 
nence, 8 
relapse,  205,  523 


CRAVING— Contd. 
sensory  stimuli,  211 
smokeless  tobacco  withdrawal 

symptom,  207 
withdrawal  symptom,  199j  20L  204 

CYTISINE 

discrimination,  nicotine-trained  ani- 
mals, 172-173 

respiratory  and  cardiovascular  ef- 
fects, 57 

DEMOGRAPHIC  FACTORS 

{See  also  SOCIOECONOMIC  FAC- 
TORS) 

cigarettes  and  smokeless  tobacco, 
306 

marital  status,  571 

smoking  prevalence,  569,  571 

women  and  youth,  306 

DENMARK 

body  weight,  smokers  vs.  nonsmok- 
ers  and  ex-smokers,  418 

DEPENDENCE 

aversive  limits,  268 
behavioral  effects,  286 
cross-tolerance,  292 
definitions,  7,  1^  247-248.  245- 

250 
drug  use,  12 

interoceptive  drug  effects,  268 
levels,  253 

neuroadaptation,  286 
physiological  effects,  286 
positive  reinforcement,  268 
potential  testing,  269-270,  285-286 
progression,  253 
unconditioned  stimuli,  268 

DEPRESSION 

Navy  men,  cigarette  consumption, 
404 

nicotine  polacrilex  gum,  208-210 
withdrawal  symptom,  201 

DEPRIVATION 

(See  also  ABSTINENCE;  CESSA- 
TION OF  SMOKING;  WITH- 
DRAWAL SYMPTOMS;  WITH- 
DRAWAL SYNDROME) 

attention  span  of  smokers,  386 

effects  on  memory,  388 

negative  affect,  405.  406 

smoking  rates  and  behavior,  164 

stress,  relapse,  402 
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DIAZEPAM 

nicotine-induced  antagonism,  175 
withdrawal  syndrome,  297 

DIET 

alkaline,  smoking  behavior,  163- 
164 

changes  during  abstinence  or  re- 
lapse, 205,  206,  433-434 

changes,  smokeless  tobacco  with- 
drawal symptom,  207 

food  intake  and  appetite,  withdraw- 
al symptom,  202 

food  intake  and  smoking-related 
energy  imbalance,  434 

hunger,  hjrpothalamic  consummato- 
ry  drive  model,  nicotine,  412-413 

hunger,  withdrawal  symptom  with 
nicotine  polacrilex  gum,  209,  210 

sweet  food  intake  and  weight  gain 
after  smoking  cessation,  433=^434 

DISCRIMINATION 

behavior,  274 

drug  similarity,  274 

generalization,  274 

intravenous  nicotine  administration, 

humans,  176-177 
metrazol,  animals,  175 
nicotine,  administration  method, 

animals,  171-172 
nicotine,  humans,  176-177 
nicotine,  pentolinium  pretreatment, 

176-177 

nicotine  vs.  3-methyl-pyridylpyrolli- 

dine,  173 
specificity,  275-276 
testing,  274-277 

DIZZINESS 

acute  sensitivity,  45,  47 
tobacco  poisoning,  595 

DOPAMINE 

control  over  acetylcholine  turnover, 
98 

cue  properties  of  nicotine,  97 
nicotine  agonists,  54 
stimulation  by  nicotine,  54 
turnover  and  release,  100-101 

DOSE  CONTROL 

brand  switching,  162 
consistent  nicotine  intake,  158 
function  of  time,  164 
nicotine  reinforcement,  animals, 
189=190 


DOSE  CONTROL-Contd. 

ventilated  cigarette  holders,  159 

DOSE-RESPONSE 

amphetamines,  282 
aversive  limits,  282 
biphasic  effects,  44 
compensatory  nicotine  intake,  283 
heart  rate  changes,  56 
psychoactivity,  272 
self-administration  and  reinforce- 
ment, 282 
self-reported  effects,  274 
titration-studies,  nicotine,  282-283 
tobacco  smoke,  282 
withdrawal  reactions,  293 

DRUG  ABUSE 

adolescents,  smoking  as  risk  factor, 

400-401 
liability  factors,  304 

DYSPHORIA 

nicotine  dose  increases,  ITS 

EDUCATION 

high  school  dropouts,  smoking 

prevalence,  574 
smoking  prevalence,  1985,  571 

ELECTROENCEPHALOGRAPHY 

activating  effects  of  nicotine,  81=82 

activity  in  rats,  52 

changes  during  abstinence  or  re- 
lapse, 205,  206 

distinct  central  nervous  system  ef- 
fects, 1(08=109 

history  of  nicotine  studies,  108-109 

nicotine-induced  desynchronization, 
112 

parallels  with  self-reports,  274 
power  spectral  analysis,  110 
withdrawal  symptoms  with  nicotine 
polacrilex  gum,  208 

ELIMINATION 

acid  loading,  40=41 
alkaline  loading,  40^!!41 
kinetics,  38 

measurement  of  smoke  intake,  152 
renal  nicotine,  40-41 
tolerance  measure,  289 
urinary  tract,  33.  34j  36j  37 

EMPHYSEMA 

Surgeon  General's  Report,  11 
weight  gain,  smokers  vs.  nonsmok- 
ers,  426 
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ENDOCRINE 

adrenal  cortex,  104^106 
follicle-stimulating  hormone,  100- 
102 

growth  hormone,  101 
luteinizing  hormone,  100-102 
nicotine  effects,  96 
prolactin,  100-102 
thyroid,  104 

thyroid-stimulating  hormone,  100- 
102 

ENVIRONMENTAL  FACTORS 

conditioned  responses,  306 

contingent  reinforcement,  306 

drug  costs,  306 

economic  factors,  266 

individual  reactions,  529 

negative  affect,  530 

other  smokers,  529=^530 

parental  drug  use,  266 

peer  smoking,  526 

place  conditioning,  284=285 

relationship  to  direct  drug  effects, 

308.  309 
smoking  cues,  526,  529-530 
spousal  smoking,  526-527 
stimulus  control,  497 
stress,  530 

withdrawal  effects,  204,  310-311 

EPINEPHRINE 

levels  during  abstinence  or  relapse, 

204.  205 
serum  concentrations,  97 

ETHNIC  GROUPS 

{See  also  BLACK  AMERICANS; 

HISPANIC  AMERICANS) 
black  Americans,  508-512 
black  vs.  white  males,  smoking 

prevalence,  569 
black  vs.  white  pregnant  smokers 

vs.  nonsmokers,  body  weight, 

418.  424 
blacks,  smokers  vs.  nonsmokers 

and  ex-smokers,  body  weight, 

419 

blacks  vs.  whites,  cigarette  con- 
sumption, 577 

blacks  vs.  whites,  smoking  preva- 
lence, 572,  579 

Hispanic  Americans,  512-513 

Hispanic,  smoking  prevalence,  569- 
570 

Oriental  alcoholism,  290 


ETHNIC  GROUPS— Contd. 

Oriental  aversion  to  alcohol,  290 

EX-SMOKERS 

body  weight,  vs.  smokers  and  non- 
smokers,  416-430 
spontaneous  remission,  466 
withdrawal  symptoms,  199-200 

EYES 

nicotine  concentrations,  83 
pupil  enlargement  after  nicotine 
use,  274 

pupillary  constriction  from  opioids, 
291 

visual  evoked  response  during 
smoking  abstinence,  202 

FINLAND 

body  weight,  smokers  vs.  nonsmok- 
ers and  ex-smokers,  429 

FRANCE 

body  weight,  smokers  vs.  nonsmok- 
ers and  ex-smokers,  422 

GANGLIA 

localization  of  nicotine,  animals,  85 
peripheral  cholinergic  neuron  stim- 
ulation, 79 

GASTROINTESTINAL  SYSTEM 

heartburn,  607 
peptic  ulcer,  605-607 
relative  nicotine  level,  32 
small  bowel,  nicotine  reabsorption, 
33 

stomach,  nicotine  concentrations, 
S9.-83 

GENETIC  PREDISPOSITION 

adolescent  drug  use,  266-267 
vulnerability  factors,  266 

HAIR 

nicotine  recovery,  33 

HEADACHE 

acute  sensitivity,  45,  47 
tobacco  poisoning,  595 

HEART 

acute  nicotine  tolerance,  48,  49 
arrhjrthmia,  599 

nicotine  concentrations,  animals,  84 
relative  nicotine  level,  32 

HEART  RATE 

abstinence  or  relapse,  122-123,  202, 
204.  205.  206 
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HEART  RATE— Contd. 
acute  tolerance,  48,  49 
drug  and  environmental  effects, 
308 

nicotine-induced  tachycardia,  291 
smokeless  tobacco  withdrawal 

symptom,  201 
stress  and  nicotine,  409 
stress  and  smoking,  118 
tachycardia,  492^^ 
withdrawal  sjroptom,  199,  201 
withdrawal  symptom  with  nicotine 

polacrilex  gum,  21D 

HEROIN 

cigarette  consumption  effects,  167 
methadone  effect,  288 

HEXAMETHONIUM 

acetylcholine  release  blocked,  81 
attenuated  amine  release,  98 
discrimination,  nicotine-trained  ani- 
mals, 174 
inhibiting  effects  on  nicotine,  88, 
92-93 

smoke-induced  edema,  179 

HISPANIC  AMERICANS 

(See  also  ETHNIC  GROUPS) 
gender  difference,  512 
physician  influence,  513 
prevalence  of  smoking,  512 
smoking  cessation,  512-513 
smoking  correlates,  512-513 

HISTORICAL  PERSPECTIVE 

addictive  behavior,  2^ 
discovery  of  nicotine,  ID 
medicinal  vs.  harmful  effects,  9-10 
nicotine  addiction,  IQJLl 
nicotine  pharmacology,  10=11 
tobacco  use,  9 

HORMONES 

adrenocorticotropic,  acetylcholine 
effects,  97 

adrenocorticotropic,  nicotine  effects, 
100-103.  105-106 

androgen,  testosterone  levels,  and 
smoking,  106 

arginine  vasopressin,  nicotine- 
induced  release,  102-103 

estrogen  production  and  metabo- 
lism, smoking  effects,  106 

pro-opiomelanocortin,  acetylcholine 
effects,  97 


HORMONES— Contd. 

pro-opiomelanocortin,  factors  influ- 
encing release,  103-104 

prolactin,  luteinizing,  and  follicle 
stimulating,  52 

HYPOTHALAMUS 

consummatory  drive  model,  nic- 
otine, 412^413 
neuroendocrine  function,  52 

HYPOXEMIA 

fetal  development,  603 
subsequent  behavioral  al>normali- 
ties,  603 

IMPATIENCE 

nicotine  polacrilex  gum,  210 
withdrawal  symptom,  199,  201 

INHALATION  PARAMETERS 

measurement  techniques,  152 
published  values,  156-157 

INITIATION 

aversive  reactions,  264-265 
dependence,  cigarettes  vs.  nicotine 

polacrilex  gum,  215 
drug  classes,  259,  261^265 
environmental  motivations,  278 
experimental  use,  265 
smokeless  tobacco,  265,  584 
social  and  pharmacologic  factors, 

264=265 

stress  and  early  smoking  onset,  399 
Surgeon  General's  Report,  12 
weight  control  and  smoking,  438 
women,  neuroticism,  402 

INTEROCEPTIVE  EFFECTS 

definition,  170 

dependence  potential  testing,  270- 
271 

mood  and  feeling,  270 

morning  withdrawal  cues,  307-308 

perception,  smoke  and  nicotine,  179 

subjective  pleasure,  308 

taste,  airway  irritation,  179 

IRRITABILITY 

changes  during  abstinence  or  re- 
lapse, 205,  206 
nicotine  polacrilex  gum,  208.  210 
withdrawal  symptom,  199.  201 

JAPAN 

body  weight,  smokers  vs.  nonsmok- 
ers  and  ex-smokers,  420 
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KIDNEYS 

nicotine  concentrations,  82^^ 
nicotine  elimination,  33,  ^ 
relative  nicotine  level,  32 

LEARNING 

behavioral  tolerance,  289 

letter-digit  substitution  task,  smok- 
ing effects,  38&-387 

nicotine  and  smoking  effects,  hu- 
mans and  animals,  386 

paired-associated,  smoking  effects, 
387,  388  , 

serial,  retention,  smoking  effects, 
388 

state-dependent,  definition,  389 
verbal  rote,  smoking  effects,  387- 
388 

LIVER 

drug  detoxification  and  tolerance, 
29Q 

nicotine  concentrations,  83-84 
nicotine  metabolism,  37 
relative  nicotine  level,  32 

LOBELINE 

discrimination,  nicotine-trained  ani- 
mals,  17^ 

respiratory  and  cardiovascular  ef- 
fects, 57 

LOCOMOTOR  ACTIVITY 

decreases  with  nicotine,  49,  51 
nicotine  induced,  53 

LUNG  DISEASES 

bronchoconstriction,  604 
cancer,  Surgeon  General's  Report, 
U 

chronic  bronchial  wall  inflamma- 
tion, 603 

emphysema,  603 

nicotine  toxicity,  603^^04 

pulmonary  epithelial  permeability, 
604 

Surgeon  Greneral's  Report,  12 
LUNGS 

afferent  neuron  stimulation,  116 
nicotine  concentrations,  animals,  84 
relative  nicotine  level,  32 

LYSERGIC  ACID  DIETHYLAMIDE 
(LSD) 

nonreinforcer,  281,  282,  285 

MAINTENANCE  OF  SMOKING 

Surgeon  General's  Report,  12 


MAINTENANCE  OF  SMOKING— Contd. 
weight  control,  438 

MARIJUANA  SMOKING 

cigarette  consumption  effects,  168 
multidrug  use,  261-264 
smoking  as  risk  factor,  401 

MECAMYLAMINE 

brain  and  spinal  cord  effects,  89 
discrimination,  nicotine-trained  ani- 
mals, 173-174 
dose-response,  93 
effects  on  desjmchronization,  109 
local  cerebral  glucose  utilization, 
86-88 

nicotine  conditioning  taste  aversion, 
196 

nicotine-induced  antagonism,  175 
nicotinic  receptors  blocked,  81 
place  preference,  nicotine  effects, 
195 

pretreatment,  effect  on  conditioned 
reinforcer,  191 

pretreatment,  harshness  ratings  of 
smoke,  179 

pretreatment,  negative  nicotine  re- 
inforcement, 193 

pretreatment,  nicotine  discrimina- 
tion, 176-177 

pretreatment,  nicotine  polacrilex 
gum,  discrimination,  178 

pretreatment,  smoke  intake,  166 

MEMORY 

(See  also  RECALL) 
delayed,  smoking  effects,  388 
immediate,  smoking  effects,  388 
nicotine  and  smoking  effects,  hu- 
mans and  animals,  386 
recognition  study,  state-dependent, 
390 

task  performance,  394 
verbal,  smoking  and  nicotine  ef- 
fects, 389 
words  and  order,  smoking  effects, 
389 

METABOLISM 

(See  also  PHYSICAL  ACTIVITY) 
animal,  body  weight,  smoke  expo- 
sure or  nicotine  administration, 
436 

body  weight  and  smoking,  434, 
43R-437 
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METABOLISM— Contd. 

decreased,  withdrawal  symptom, 
203 

nicotine  clearance,  4Q 
nicotine  metabolites,  34t  35.  36 
rate,  37 

smokers  vs.  nonsmokers,  53 
smoking  cessation  effects,  433.  436 

METHADONE 

cigarette  consumption  effects,  167 
effect  on  heroin  use,  288 
efficacy,  296 

MOOD 

changes  during  abstinence  or  re- 
lapse, 205-^ 

hedonic  systems  model,  negative  af- 
fect, 411 

regulation,  smoking  and  drug  use, 
4Q1 

regulation,  subjective  well-being, 
smoking  effects,  394-399 

MORPHINE 

discrimination,  275-276 
euphoria  and  self-administration, 
277 

physical  dependence,  withdrawal, 
294 

place  conditioning,  285 

MOTIVATION 

behavioral  tolerance,  289 
gender  differences,  506 
self-perceived  reasons  for  smoking, 
398 

treatment  enhancement,  332-334 

MOTOR  BEHAVIOR 

alcohol-induced  muscle  relaxation, 
291 

smoking  and  nicotine  effects,  392- 
393 

task  performance,  394 

MUCOUS  MEMBRANES 

cardiovascular  effects  of  nicotine, 
598 

MUSCLES 

alcohol-induced  relaxation,  291 
N-methylnicotinium  ion,  pressor 

and  neuromuscular  effects,  57 
relative  nicotine  level,  32 
tonic  and  phasic  muscular  activity, 

nicotine  effects,  410 


MUTAGENESIS 

Salmonella  typhimurium  assays, 
605 

NALOXONE 

cigarette  consumption  effects,  168 
opioid  withdrawal,  297 

NAUSEA 

acute  sensitivity,  45i  47 
tobacco  poisoning,  595 

THE  NETHERLANDS 

body  weight,  smokers  vs.  nonsmok- 
ers and  ex-smokers,  430 

NEUROENDOCRINE  FUNCTION 

nicotine  effects,  95-96 

NEW  YORK 

smokeless  tobacco  use,  1986,  581 

NEW  ZEALAND 

body  weight,  smokers  vs.  nonsmok- 
ers and  ex-smokers,  421 

NICOTINE 

content,  different  tdbaccos,  28 
intake,  40 

place  conditioning,  285 
sensitivity,  46-47 
structure,  27 

NICOTINE  AEROSOLS 

respiratory  sensations,  plasma  nic- 
otine levels,  179-180 

tobacco-like  sensations,  cessation 
method,  180 

NICOTINE  CONTENT 

cigarettes  vs.  chewing  tobacco, 

snuff,  28 
high-yield  cigarette^,  26 
low-yield  cigarettes,  26 

NICOTINE  DELIVERY,  ALTER- 
NATE 

(See  also  CESSATION  OF  SMOK- 
ING, METHODS;  NICOTINE 
POLACRILEX  GUM;  NICOTINE 
REPLACEMENT;  TREATMENT) 

chewable  product,  FDA  ruling, 
212-213 

dependence  potential,  214 

nicotine  polacrilex  gum,  depen- 
dence and  withdrawal,  207-208 

potential  for  abuse  with  concurrent 
tobacco  use,  213-214 

tobacco  cigarettes  vs.  nicotine  pola- 
crilex gum,  215 
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NICOTINE  DELIVERY, 
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dence potential,  213 

NICOTINE  FADING 
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definition,  427 

low-tar  and  -nicotine  brands,  497- 
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NICOTINE  METABOLISM 

nicotine-l'-N-oxide,  36 
pathways,  34-37 
tachyphylaxis,  50 

NICOTINE  PHARMACOLOGY 

addictive  properties,  6 
discrimination  effects,  272 
pharmacokinetics,  25,  32 
stimulant  and  depressant  effects, 
79 
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absorption,  29,  31 

affect  modulation,  4(35 

blood  levels  of  nicotine,  472 

body  weight  effects,  432 

combined  with  behavioral  therapy, 
476 

coronary  heart  disease,  599 
craving  reduction,  475 
dose-patient  relationship,  478-479 
duration  of  use,  478 
efficacy  trials,  473-474.  475-478. 
486 

fetal  development,  602-603 
foUowup,  477 

mood  regulation  during  smoking 

cessation,  406 
physical  dependence,  21Q 
physician  trials,  476-477 
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stimulus  effects,  178 
temporary  treatment  aid,  214 
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addiction  treatment,  7 

aerosols,  480 
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481 

dependence,  481 
forms  and  rationale,  471  . 
nasal  solutions,  479 
polacrilex  gum,  471-479 
side  effects,  480 
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chemical  structure,  606 
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neuroendocrine  activity,  101 
nicotine  effects,  100-101 
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419 
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steel  workers,  419 
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addiction,  247 
addictive  patterns,  282 
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discriminative  effects,  272 
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protracted  withdrawal,  253 
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PANCREAS 

body  weight  and  smoking,  107 

PASSIVE  SMOKING 

Surgeon  General's  Report,  12 
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relapse,  321-322 
treatment,  334 

PENTOBARBITAL 

depressant,  cigarette  consumption 

effects,  167 
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PERFORMANCE 

impairment,  withdrawal  symptom, 
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overview,  79 

PHARMACODYNAMICS 

cardiovascular  changes,  55-56 
daily  smoking  patterns,  55 
definition,  25 
dose-response,  44 
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tolerance,  44-46 

PHARMACOLOGIC  TREATMENT 

alprazolam,  482 
blockade  therapy,  328 
clonidine,  328-329.  482=483 
deterrents,  329 

drug  replacement  therapy,  326-328 
mood  changes,  483-^84 
relief  from  withdrawal  symptoms, 
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sjmptomatic  treatment,  328,  481- 
483 

PHYSICAL  ACTIVITY 
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ers, 417,  419 
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prevalence,  men,  1964  to  1986,  580. 
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Surgeon  General's  Report,  12 

POLAND 
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PRETREATMENT 
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nicotine,  smoking  behavior,  16&J66 
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pimozide,  taste  aversion,  196 

PREVENTION  OF  SMOKING 

aversive  smoking,  501-502 
program  development,  nicotine  ad- 
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skills  training,  501 

PSEUDOOXYNICOTINE 

structure,  27 
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multiple  diagnosis,  254 
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neuroticism,  401-402 
tobacco-nicotine  dependence  and 
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drug  classification,  269-270 
interoceptive  effects,  270 
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definitions,  153 
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visual  information  processing, 
smoking  effects,  384 
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RAPID  SMOKING 

aversive  smoking  cessation  therapy, 
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risks,  493 
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492=493 

conditioned  aversive  response,  492 
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REACTION  TIME 
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visual  and  auditory,  smoking  ef- 
fects, 385 
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smoking  effects,  384 

visual,  smoking  effects,  383 
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immediate,  nicotine  effects,  388 

short-  and  long-term,  nicotine  tab- 
lets, 390 

state-dependent,  smoking  vs.  no- 
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fects, 387=388 

RECEPTORS 

adaption  to  drug,  289 

binding  sites,  minor  alkaloids,  56 
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constitutional  tolerance,  290 
dihydro-beta-erythroidine,  rat  brain, 
91 

disulfoton,  ^H-nicotine  binding,  54 
functional  or  pharmacodynamic  tol- 
erance, 289 

RECEPTORS,  CHOLINERGIC 

distribution  of  'H-acetylcholine  and 
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neuron  stimulation,  79 
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RECEPTORS,  NICOTINIC 
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binding  sites,  53 

chronic  tolerance,  53 
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high-affinity  sites,  90,  92-94 

locomotor  activity,  53 

low-affinity  sites,  90-91 

peripheral  nervous  system,  88-89 

primary  and  secondary  binding 
sites,  86 

radioligand  binding  studies,  89-92 
tolerance,  54 

REINFORCEMENT 

evaluation,  279-281 

negative,  behavior  modification,  193 

negative,  nicotine  injection,  193 

nicotine  addiction,  6 

positive,  continuous,  intravenous 

nicotine,  182 
positive,  intermittent,  intravenous 

nicotine,  189,  19&--191 
positive,  nicotine,  review,  183-188 
potential  of  various  drugs,  305 
self-administration,  276-279 
stimulus  effects,  268 
tobacco  cigarettes  vs.  nicotine  pola- 

crilex  gum,  215 
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cocaine  vs.  nicotine,  189-190 
definition,  170 
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dependence-producing  drugs, 
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psychoactive  drugs,  8 
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(See  also  SPONTANEOUS  REMIS- 
SION) 

abstinence  violation  effect,  532 
age  factors,  316 

alcohol  and  opioid  dependencies, 
316 

attribution  theory,  525-526 
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correlates,  315,  317=319 
definition,  312,  518 
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drug  dependence  severity,  315-316 
drug  use,  8 

family  support.  321,  324 
frequency  of  smoking,  521 
gender  differences,  520 
high-risk  factors,  519,  529-530 
long-term  abstinence  difficulties,  '  ; 
311 

measurement,  313 
negative  emotions,  322-324 
peer  drug  use,  321=322 
prevention  skills,  330-331 
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quitting  history,  312,  522 
rates  by  drug  class,  313-314 
self-efficacy,  524-525 
sensory  cues,  121-123 
smoking  history,  521 
social  learning  theory,  519 
treatment  effectiveness,  315,  320- 
321 

treatment  modalities,  312-313 
typologies,  521-522 
weight  gain,  risk  factor,  440,  523- 
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withdrawal  and  dependence,  522- 
523 

withdrawal  symptom  alleviation, 
205 

work  and  leisure  activities,  322. 
324 

RESEARCH  METHODS 

biochemical  markers,  514-515 
carbon  monoxide,  514 
carboxyhemoglobin,  514 
confounding  design  factors,  119-120 
cotinine  assays,  515 
nicotine  dosage  control,  119 
self-reports,  515 
study  design,  513-514 
suspect  data,  514 


634 


INDEX 


RESTLESSNESS 

changes  during  abstinence  or  re- 
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nicotine  polacrilex  gum,  208,  21Q 
withdrawal  symptom,  199,  201 
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prevalence,  men,  1964  to  1986,  580. 
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SALIVA 

nicotine  secretion,  33 
tobacco  poisoning,  595 

SATIATION 

comparison  with  comprehensive 
procedure,  501-502 

single  and  multicomponent  proce- 
dures, 488,  491 

SELF-ADMINISTRATION 

abstinence  symptoms,  310 
adjunctive,  schedule-induced  behav- 
ior, 278:^79 
alcohol,  278.  281 
amphetamine.  278.  281 
animal  research  methods,  279-280 
behavioral  process,  158 
cocaine,  278-281 

compulsive  use,  149  ' 
drive  state,  277 
drug  substitution,  278 
environmental  pressure,  278 
free  sampling,  277 
graduation,  277-278 
human  and  animal  studies,  276- 
277 

human  research  methods,  280-281 
initiation,  277 

intravenous  nicotine,  response 

rates,  humans,  192 
morphine,  278,  281 
nicotine,  278^281 
pentobarbital,  278,  281 
positive  reinforcement,  276-277, 

279 

reinforcing  effects,  27&^280 
reinitiation  of  drug  use,  310 
voluntary  conditions,  279 

SENSATION 

environmental  stimulus,  condi- 
tioned reinforcers,  191 
place  conditioning,  284 
psychological  enhancement  and 
sensory  gratification,  413 
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interneuronal  communication  sys- 
tem, 98 

pharmacological  effects  of  nicotine, 
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SEX  RATIO 

adolescents,  weight  control  and 

smoking,  438 
body  weight,  smokers  vs.  nonsmok- 

ers.  415.  417.  421.  431 
cessation  and  relapse  rates,  505- 

508 

education,  506-507 
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high  school  seniors,  smoking  preva- 
lence, 574-576 
Hispanics,  smoking  prevalence, 

569-570 
motivation  to  quit,  506 
neuroticism  and  adult  smoking 

habit,  402 
smokeless  tobacco  use,  1970  to 

1986,  580.  583 
smoking  cessation  rates,  580,  581 
smoking  prevalence.  569.  572,  573. 
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social  support,  508 
social  values  and  beliefs,  507 
stress  and  smoking,  118,  508 
weight  gain  sdTter  smoking  cesisa- 
tion,  416,  433,  507-^08 

SLEEP 

disturbances,  nicotine  polacrilex 

gum,  208,  210 
disturbances,  smokeless  tobacco 

withdrawal  symptom,  207 
disturbances,  withdrawal  symptom, 

202.  204.  205.  206 

SMELL 

aversion  to  alcohol,  280 
environmental  stimulus,  condi- 
tioned reinforcers,  191 
receptors,  58-59 
tobacco  grade  and  type,  58-59 
tobacco  smoke,  place  conditioning, 
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SMOKE  CONSTITUENTS 

acetaldehyde  effects,  60 
benzo(a)pyrene,  604 
brand  switching,  162 
nonnicotine,  tracheobronchial  sensa- 
tions, 168-169 
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SMOKE  INHALATION,  ANIMAL 

lungs,  spleen,  intestine,  and  brain, 
nicotine  concentrations,  84 

SMOKELESS  TOBACCO 

(See  also  SNUFF) 
addiction,  with  nicotine,  13 
demographic  changes,  306 
nicotine  dependence,  214 
starter  products,  265 
withdrawal  symptoms,  207 

SMOKELESS  TOBACCO  USE 

gum  and  mouth  diseases  and  neo- 
plasms, 213 
prevalence,  1970  to  1986,  580,  583 

SMOKING  ANTECEDENTS 

anxious,  aggressive,  and  neurotic 

personality  traits,  402 
personality  measures,  402 
stress,  adolescents,  400 

SMOKING  ARTICLES 

ventilated  cigarette  holders,  159 

SMOKING  BEHAVIOR 

biochemical  and  behavioral  mea- 
sures, 154 
carbon  monoxide  intake,  154 
cigarette  length,  161 
consistent  patterns,  155 
measurement  techniques,  150-152 
perceived  functions  of  smoking,  397 
Surgeon  General's  Report,  12 
switching  cigarette  brands,  161-162 
taste  and  smell,  58-59 

SMOKING  CONTROL  PROGRAMS 

multicomponent,  smoking  cessation, 

501-503 
Surgeon  General's  Report,  12 

SMOKING  HABIT 

negative-  and  positive-affect  regula- 
tion, 399 
smoking-related  disease  diagnosis, 
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565-567 
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sumption, 578 

SMOKING  SURVEYS 

adolescents,  573-577 
Adult  Use  of  Tobacco  Survey,  572 
Behavioral  Risk  Factor  Surveil- 
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565-566,  568-569,  572 

self-reported  smoking  status,  un- 
derreporting, 567-568 
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(See  also  SMOKELESS  TOBACCO) 

angina  pectoris,  600 

dipping  prevalence,  1970  to  1986, 

580.  583 
nicotine  absorption,  29-31 
nicotine  levels,  38 
paroxysmal  hypertension,  600 

SOCIAL  SUPPORT 

buddy  system,  495 
gender  differences,  508 
global  support,  527 
partner  support,  527-528 
smoking  cessation,  526-527 
spouse,  495 
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(See  also  DEMOGRAPHIC  FAC- 
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body  weight,  smokers  vs.  nonsmok- 

ers,  420,  428 
ethnic,  class,  gender  differences, 

505 

smoking  prevalence,  1985,  571 
treatment  and  prevalence,  467 

SPONTANEOUS  REMISSION 

(See  also  RELAPSE) 
comparison  by  drug  class,  255-259 
contributing  factors,  255-259 
studies,  257-258 

STATE-DEPENDENT  LEARNING 

abstinence  vs.  smoking,  393-=394 
definition,  nicotine,  humans,  181. 
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nicotine  effects,  387 
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Addiction  Research  Center  Invento- 
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discrimination  procedures,  271 
Morphine  Benzedrine  Group  scale, 

overlap  of  drug  classes,  271 
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addiction,  247 
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addictive  patterns,  282 
discriminative  effects,  272 
nicotine,  177 

STRESS 

abstaining  and  coping,  528-529 
adult  cigarette  consumption,  401 
affect  modulation,  smoking  and  nic- 
otine effects,  405-408 
affect  regulation,  smoking,  395-399 
consumption  increases,  404 
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hedonic  systems  model,  negative  af- 
fect, 411 
initiation  and  consumption  risk, 
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lateralized  affective  processors  mod- 
el, 412 

low-  vs.  high-nicotine  cigarettes, 
405 

management  skills,  332 

Navy  men,  smoking  habit,  403-404 

nicotine  polacrilex  gum,  405 

nicotine  withdrawal,  conditioned  re- 
sponses, 408 

nurses,  smoking  habit,  403 

perceived  stress,  528 

perceptual  and  pain-endurance 
thresholds,  nicotine  effects,  410 

psychophysiological  reactivity,  117- 
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reduction,  gender  differences,  508, 
528 
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nicotine,  408-409 
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407 

relationship  to  relapse,  528-529 
risk  factor  for  adolescent  smoking, 
399-401 

smoking  and  nicotine  effects,  381 
smoking  cessation  relapse,  402,  528 
subjective  well-being,  smoking  ef- 
fects, 394-395 

STUDENTS 
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high  school  seniors,  smoking  preva- 
lence, 574-^76 
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400 
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409 
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smoking  maintenance,  58 
tobacco  taste  characteristics,  58 
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receptors,  58 
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crilex gum,  215 
tobacco  grade  and  type,  58 
tobacco  smoke,  place  conditioning, 
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alcohol,  280 

apomorphine  vs.  nicotine,  196 
chlorisondomine,  196 
nicotine  conditioning,  animals,  195- 
196 

TAXATION 

reflection  of  cigarette  consumption, 

565 

TERATOGENICITY 

animals,  601 
humans,  601-602 

THERAPY 

approved  drug  uses,  298 
deterrent,  sUver  acetate,  485-486 
replacement,  326-^ 
symptomatic,  328 

TOBACCO  CONSTITUENTS 

beta-carbolines,  pharmacologic  ef- 
fects, 60 

TOBACCO  SUBSTITUTES 

smoke  condensate,  sensory  effects, 
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TOLERANCE 

acquired  reaction,  289 

acute,  tachyphylsixis,  44,  47-50 

animal  and  human  studies,  251 
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TOLERANCE-Contd. 
behavioral,  44 

behavioral  and  physiological  re- 
sponses to  nicotine,  131 
chronic,  44,  50-54 
constitutional  reaction,  29Q 
cross-tolerance,  288,  292 
dependence  potential  testing,  286 
dose  escalation,  50,  51 
intoxication,  251 
limits  on  escalation,  286-287 
measures,  288 
mechanisms,  288-290 
nicotine  addiction,  6 
nicotine  uptake,  8 
pharmacodynamic,  functional,  44 
pharmacokinetic,  dispositional,  44 
toxic  effects,  45 

TOXICITY 

acute,  593-596 
acute  sensitivity,  45,  46 
children,  595 
chronic,  596 

nicotine  polacrilex  gum,  595-596 
physiological  and  psychological,  252 
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clonidine,  328=329 

family  support,  333 

goals,  325 
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